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INTRODUCTION 
The quality of the atmosphere, has been recognized as an important variable 
in the environment only during the past few decades. Today, we can no longer take 
the air we breathe for granted'. 
As a result of industrial growth and urban development, the air around us is 
becoming increasingly polluted with undesirable gases. Recently, we have been 
alerted by severe outbreaks of illnesses caused by air pollution. In addition to 
these more serious problems of public health, we now are confronted with many 
other troublesome manifestations of air pollution; such as, plant damage, reduced 
visibility, odors, and economic blight. As agriculture continues its trend toward 
modernization and large scale production, farmers are becoming aware of their own 
contributions to air pollution and the implications contaminants may have on their 
operations. . . 
Today large numbers of animals are housed in confined areas where attempts 
are made to provide optimum conditions for their productivity. Until recently, 
however, most of the research into livestock environment has been devoted to 
studying the effects of temperature, humidity, and ventilation on the growth rote, 
feed efficiency, and productivity of the animals. Comparatively little information 
is available on the effects of variation in the composition of the atmosphere on 
growth and production or even on the extent to which such variations may occur. 
Even the most simple shelter results in a reduction of mean air velocity and 
it is in this respect that indoor climates differ most from outdoor climates. The 
reduction of natural air movement Indoors and restriction of the air space alloted 
to each animal create an undesirable environment as noxious gases and water vapor 
accumulate. 
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In 1965, the giant Monfort Feed Lots of Greeley, Colorado, were faced with a 
$300,000.00 damage suit by a neighboring couple as a result of obnoxious feedlot 
odors (2). The Roy F. Benton Feed Yard in Pamona, California (2) also was brought 
to court on a public nuisance suit and was forced to initiate an odor control program 
set up by the courts. 
Cattle feeders in Arizona have been faced also with the problems of air pollution 
(3). Citizens of Tempe, Arizona, filed suits in 1963 asking for $859,000.00 in 
damages against four cattle feeding companies operating within the city limits. These 
suits contended that cattle feeding cause "vile, striking, obnoxious, and nauseating 
odors". 
Most of these odor problems are a result of the large commercial, western feed-
lots where cattle populations vary from 3,500 to 50,000 head during the peak season. 
The average mid-western farmer, on the other hand. Is currently feeding around 100 
head of cattle and 300 to 500 head of hogs. Estimates from the Iowa State Animal 
Science Extension Service, ^  however, indicate a trend toward bigger feeding 
operations. Today in Iowa there are over 1000 cattle-feeders and 1000 hog-feeders 
who raise more than 1000 head in their operation. The trend to larger feeding 
operations along with the increase in urbanization will undoubtedly bring about the 
advent of additional complaints and law suits concerning obnoxious odors and air 
pollution. 
Besides the nuisance problem, however, cognizance must be taken of the 
economic implications that these gases may have on the overall productivity of the 
animals and the performance of the building over a period of time. Day et al. (4) 
^ Zmolek, William S. Ames, Iowa. Information from the Extension Service. 
Private communication. 1967. 
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The gases from fresh livestock excreta as well as those from body processes 
cause air pollution when sufficiently concentrated. Similarly, the bacterial decom­
position of excreta, collected and stored with or without bedding material, also 
results in the release of a number of noxious gases. 
The chemical quality and quantity of these gases in enclosed livestock buildings 
is virtually unknown. However, there is ample evidence that several of the gases 
released during the decomposition of excreta, if concentrated, can cause injury or 
even death to livestock. Prolonged exposure to low levels of these gases may be of 
considerable importance, although again, health effects are largely unknown. 
Air pollutants also can have a damaging effect on building materials and 
equipment items. In the United States alone, a detailed study by Gibson (1) 
estimates that the economic loss on building material caused by air pollution from 
all sources exceeds 2 billion dollars per year. 
The gases existing in a confined livestock building also become objectionable 
for the working personnel; low concentrations are irritating to the eyes and to the 
mucous membranes of the respiratory tract. In many instances, surrounding neighbors 
complain about livestock odors claiming them to be public nuiseices. 
The problems, then, created by the accumulation of gases in livestock buildings 
can be summarized as: (1) posing a threat to the health of an animal and impairing its 
productivity; (2) causing excessive deterioration of equipment and building materials; 
and (3) creating objectionable odors for farm personnel and nearby neighbors. 
Currently, perhaps, the most pressing of these problems are objectionable odors 
which create nuisance effects to the farmstead as well as to adjoining neighbors. The 
importance of such happenings can be borne out by numerous court cases reported in 
the past few years and the ever-increasing number of complaints from nearby citizens. 
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report an unexplained decrease in the rate of gain of pigs around 150 pounds when the 
animals are raised in confinement buildings where wastes were ponded under the 
building floor for a month or longer. In Europe, (5, 6), many cases of animal deaths 
have been attributed to large quantities of toxic gases released from manure holding 
pits when agitated, such as takes place at the time of emptying the tanks. As complete 
confinement of animals becomes more widespread, we will also need to know what 
effect such odors can have on animals over a prolonged period as might be the case 
with breeding stock. 
The more relevant characteristics of a large number of fumes, gases, and solid 
particles involved with a multitude of basic processes (including threshold limit values 
and toxicity to humans) can be found readily in a number of handbooks (7, 8). If farm 
animals, especially swine and poultry, are like humans in their reactions to these 
gases, then it is very probable that growth and production will be adversely affected 
when the animals are subjected to concentrations of the gases. The specific role that 
gases play in the overall performance of animals under confinement will become more 
important as we continue to increase efficiency in the livestock enterprise. 
The primary purpose of this research project was to seek those gases present In a 
confined swine production system. Continued research undoubtedly will be required 
to describe the quantitative nature of the atmosphere under varying conditions. With 
this Information, biochemists, physiologists, and metallurgists can better predict the 
effect individual contaminants have on animal and material performances. It also 
will enable engineers and scientists to more intelligently design environmental control 
systems for livestock building and to develop and employ techniques which will 
eliminate or control gases objectionable to the animals, the workers, materials, and 
the public. 
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AIR POLLUTION IN LIVESTOCK PRODUCTION SYSTEMS 
Air pollution might be defined as the presence of substances in the ambient 
atmosphere put there by the activities of man or animal in concentrations that will 
interfere with comfort, safety, or health. However, an important distinction should 
be made between communitywide air pollution problems and localized problems. 
While there is a lot of overlapping of the two types, this distinction will help in 
considering the sources and effects of pollution and the type of control efforts 
required. 
The localized problem is one of being able to describe what air pollutants 
exist in a completely confined livestock environment. This problem of air pollution 
has been created by the current trend in livestock production where large numbers of 
animals are housed in completely enclosed buildings with attempts to create optimum 
conditions for their productivity. Until recently most of the research concerning an 
animal's environment has been related to the effects of temperature, relative humidity, 
and ventilation rates on the performance of the animal. Very little attention has been 
given to the composition of the air surrounding the animal or what effects it has on the 
animal's performance or on building materials. 
Several reports have indicated that, in some cases, confining livestock In 
totally enclosed buildings has resulted,in decreased rate of gains. Increased 
respiratory problems, poisoning from toxic gases, and asphyxiation. Several workers 
(9), (10), (n), investigating this area have reported Information on the composition 
of the air above the floor in piggeries, generally in slatted-floor houses. Most of 
their work deals with the levels of ammonia, carbon dioxide, hydrogen sulfide, and 
methane. 
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Ammonia has been blamed for pig deaths in Norway (12) and Northern Ireland 
(13) by condensing on the walls and oxidizing to nitrites and nitrates. If accessible 
and taken internally, these accumulations may be fatal. 
Hydrogen sulfide, a potentially toxic gas has been accused for a number of 
animal deaths in Sweden (13) and Denmark (14), This gas is released from holding 
pits immediately after agitation begins and if allowed to escape directly to the 
animal's surroundings may quickly reach concentrations sufficiently high to cause 
death. 
Carbon dioxide has also been found to increase to undesirable concentrations 
under conditions of poor ventilation (10) and during periods when holding pits are 
agitated. Carbon dioxide is not as dangerously toxic as similar concentrations of 
hydrogen sulfide (15), Both of these gases, because they are more dense than air, 
will accumulate directly above the holding pit. Consequently, animals lying on 
slatted floors above such holding pits can inhale excessively high concentrations of 
these gases. 
The evidence presented thus for clearly indicates that several of .the gases 
released during the decomposition of manure can cause injury and even death to 
livestock. There is also evidence that concentrations of ammonia, considerably below 
those which produce visible signs of injury, can increase the susceptibility of poultry 
to virus infection (16). 
Perhaps of more importance, is what effect prolonged exposure to low concentra­
tions of these toxic gases will have on the health of the animals. Exposure to sublethal 
concentrations for short periods, such as when slurry below slats is disturbed, may also 
affect the health of animals. 
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When an effort is made to specifically analyze the hazard that air pollution 
creates for animal health, only fragmentary information is available, which makes it 
difficult to arrive at a sound and scientifically valid conclusion. 
Knowledge in the field is steadily increasing, however, and there are a few 
general observations that appear to have validity with respect to air pollutants and 
their relationship to health. From the experiences in the Belgian Meuse Valley in 
1930; in Donora, Pennsylvania in 1948; and in London in 1948, 1952, and 1956, 
under certain atmospheric conditions the pollutants in the air arising from home and 
industrial wastes reached lethal concentrations (17). In Donora, 20 deaths were 
attributed to one episode, with nonfatal illness affecting half the population. In 
London during 1952, between 4,000 and 5,000 additional deaths were experienced 
during one week of the episode. 
Although most of the persons who died in these acute episodes were elderly and 
had histories of cardiac or respiratory ailments, there is clear evidence that extended 
exposure to certain types of air pollutants, can aggravate respiratory disorders. 
The high incidences of "chronic bronchitis" in British cities, of nasopharyngeal 
and eye irritation in Los Angeles, and the rapid rise in lung carcinoma among metro­
politan populations appear to be closely associated with air pollution (18). 
Although very limited information is available showing what effect air pollution 
has on animals, much the same effect might be expected because both have very 
similar respiratory systems. 
A cursory investigation of the Poza Rica episode, 1952 (19), disclosed that the 
animal population had been affected, in that an undetermined number of canaries, 
chickens, cattle, pigs, geese, ducks, and dogs either died or were made ill by the 
exposure. It was estimated that 50% of the exposed species (other than canaries) died 
from the air pollution. 
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Donora, Poza Rica, London, and the Meuse Valley of Belgium have dramatized 
that air pollution can kill; but even more, these experiences point out the extensive 
effects of air pollutants on the health of affected populations. Long-continued 
exposure to sublethal concentrations of many substances, and combinations thereof, 
are suspected of having physiological effects, but in most cases the qualitative aspects 
of the relationships remain undefined. 
Effects of Some Indigenously Produced Gases on Animals 
More subtle physiological effects of air pollution are suggested by findings of 
suppressed ciliary action, alterations in pulmonary physiology, specific enzymatic 
inhibitions, and changes in blood chemistry when laboratory animals are exposed to 
various gases which often are involved in pollution. 
Sulfur Dioxide 
Dalhamn (20) observed the influence of sulfur dioxide on mucous flow and-
ciliary activity of rats, and showed a considerably increased amount of mucous, and 
reddened mucosa of the trachea. The average exposure concentration of sulfur dioxide 
required to produce these changes approximated 11 ppm for 18 days. There was no 
change in ciliary beat until 25 ppm sulfur dioxide was obtained. Subsequent observa­
tion of the rats following sulfur dioxide exposure showed a considerably retarded flow • 
of mucous; some animals showed no measurable mucous transportation, an important 
clearing mechanism of the respiratory tract. On the other hand, ciliary activity 
rapidly commenced following cessation of exposure, and the animals later showed no 
tolerance, "habituation", or hypersensitive reactions upon re-exposure. 
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Work by Amdur (21) showed greatly reduced breathing as sulfur dioxide concen­
trations increased from 26 ppm to 825 ppm. Disturbances in reflex activity and 
respiratory patterns have also recently appeared in the Russian literature (22). The 
lowest concentration of sulfur dioxide that produced reflex disturbance in the rabbit 
was between 1.2 and 3.7 ppm; changes in respiratory patterns occurred at 1 ppm. 
Ammonia 
Because of its high aqueous solubility, its physiological activity is confined 
almost entirely to the upper respiratory tract, only a few percent reaches the lungs in 
the inhaled concentration. At extremely high concentrations, ammonia acts as a 
powerful asphyxiant by constricting air passages, owing to its extreme irritancy. 
Although an irritant gas, the least amount producing immediate irritation of eyes, 
nose, and throat is from 400 to 700 ppm (23), 
Ammonia is not believed to be a serious health menace in short intense 
exposures; but may have irritant or health impairing effects in prolonged repeated 
exposures. Weatherly (24) found that exposures of male guinea pigs to 170 ppm 
ammonia for 18 weeks, 6 hour/day, 5 days/week was required to produce mild 
changes in spleen, kidneys, adrenals, and liver, but that no changes were seen at 
12 weeks. 
In his remarks on the effects of ammonia as an air pollutant. Pottle (25) 
concluded that tf 3 ammonia, as an air pollutant, could be beneficial by the partial 
neutralization of acetic airborne constituents such as sulfur dioxide, with consequent 
reduction in irritant activity of each constituent. 
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Carbon Monoxide 
It is extremely doubtful that carbon monoxide will ever exert a serious effect 
on animal performance because attainment of injurious concentrations represent 
extremely large 8-hour additions of carbon monoxide to the atmosphere. Repeated 
daily exposures to 100 ppm of carbon monoxide did not produce ill-effects in humans 
(23). It does however, become fatal at slightly more than 10 times this level. 
Formaldehyde and Homologues 
Formaldehyde Is recognized as a sensitizing agent and is highly irritating to the 
mucous membranes of the eyes, nose and throat. Unsaturated aliphatic aldehydes 
such as acrolein and crotonaldehyde are more highly irritating than formaldehyde. 
Kotin (26) exposed exteriorized rat and rabbit trachea and ciliated epithelium of the 
frog's esophagus to formaldehyde and a number of higher aldehydes, and found 
inhibition of ciliary action and of mucous flow immediately on exposure to 22 to 66 
ppm. Acetaldehyde and n- butyraldehyde produced immediate stimulation at about 
10 ppm, whereas propionaldehyde and isobutyraldehyde showed no immediate effect. 
2- furfuraldehyde behaved like formaldehyde at first but later stimulated ciliary 
activity at somewhat higher concentrations. Interestingly, each aldehyde showed an 
Individually characteristic response following exposures of 1 and 16 minutes and of 6 
hours duration. Dalhamn (20), in testing concentrations of formaldehyde of 22, 10, 
3 and 0.5 ppm on the ciliary movement of the respiratory tract of anaesthetized rats 
with opened trachea, found that movement ceased and thus cessation of mucous 
transport at 10, 30, 50 and 150 seconds respectively. Crolley (27) had previously 
shown similar effects in roughly the same interval of time on the excised trachea of 
rabbits, but does not report whether ciliary activity remained depressed for long 
periods after prolonged depression. Continued depression of ciliary activity permits 
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bacterial accumulation, which, if infectious, can lead to secondary complications in 
the respiratory tract. 
The sensitizing action of formaldehyde (23) is well known but not documented 
with sufficient evidence to permit an estimate of what order of concentration is 
required to produce hypersensitivity. The lowest concentration giving detectable odor 
is said to be 0.8 ppm., and the lowest concentration causing throat irritation, 5 ppm. 
Organic Sulfur Compounds 
Until recently very little attention had been given the organic sulfur compounds 
in the air. Conflicting toxicity reports and the little available information on these 
substances prompted a detailed study of the acute toxicity of 7 aliphatic and 2 
aromatic thiols in animals by Fairchild and Stokinger (28). The 9 compounds tested 
were benzene-, methylheptane-, -toluene", ethane", hexane", butane", propane", 
2- methyl- 2-propane, and 2-methyl - 1-propanethiol. Several routes of administra­
tion were used, including that of inhalation and exposure. Of the 7 compounds 
tested by inhalation in rats, rabbits, and mice, benzenethiol and methy I heptane th i o I 
were the most toxic. 
All thiols had the common toxicological property of being saparific, and 
ranging in degree from producing mild stupor to heavy sedation, MethyIheptanethiol 
was an exception in that it produced a powerful central nervous system stimulation. 
Acute thiol poisoning produced a uniform pattern of central depression and 
respiratory paralysis, death ensuing from respiratory failure. 
The most toxic thiols when administered 3 times each week were tolerated by 
rats without indication of either cumulative toxicity or increasing level of 
tolerance (23). 
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Thiol exposed rats and mice commonly showed latent pulmonary infection 
and/or pneumonia. 
Meager quantitative toxicity information is available on the organic nonthiol 
sulfur compounds, the sulfides and the disulfides. Comparative information shows 
dimethyl sulfide (Ch^) 2^ / found in milk volatiles, less acutely toxic to rodents 
by inhalation and intraperitoneally by a factor of 1 .5-2.0 than the corresponding 
methyithiol; in contrast dimethyl disulfide (CHgS - SCHg) is more toxic by a factor 
of 3 or 4 than methyithiol (23), 
Gas Mixtures 
Only recently has experimental attention been given to the physiological 
effects of mixtures of various chemical air pollutants, prompted by sifted evidence 
from acute episodes-indicating that the effects observed on health could not be 
explained by the action of single substances clone at the concentrations encountered. 
Mixtures of substances have been used since the beginning of clinical medicine, in 
an attempt to surpass the effects of exposure to a single component. Out of such 
trails emerged the findings of (1) antagonism (reduced effects), (2) synergism 
(enhanced effects), and (3) simple additive effects. Although Burgi (29) began a 
serious analysis of effects of mixtures in 1910, no investigation of the mechanism by 
which these combined effects are brought about has been found. 
Not much research on the effects of mixtures of commonly found air pollutants 
has been done. The difficulties, both experimental and theoretical, of working with 
single substances are compounded many fold when working with mixtures. Quantita­
tive analysis of trace amounts of one substance in the presence of others often 
presents an experimental problem of great magnitude; while theoretically speaking, 
the question of the precise mechanism often remains unanswered due to the incomplete 
nature of the theory. 
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Dautreband (30) was among the first to recognize and study the interaction of 
solid aerosols on gases and vapors as an air pollution problem. His work, appearing 
in 1951, drew attention to the effect of particulate matter on eye irritation produced 
by the volatile irritants, sulfur dioxide, formaldehyde, and nitric acid vapor; and 
the importance of particle size in connection with air pollutant exposures. 
La Belle et al. (31) show that a wide variety of aerosols of relatively large 
particle size con materially alter the pulmonary response of mice to respiratory 
irritant vapors, when administered together with the vapors at relatively high concen­
trations (50 - 2900 ppm). Thus, like Dautreband for the eye. La Belle et oL demonstrate 
an enhancement of effect by particulates for a different site of action, the lung, in 
addition, they show a reduced effect with certain mixtures while observing no effect 
with others. 
in work demonstrating the combined effect of aerosols and irritant-^ases, the 
physiological effects of a mixture of SO2 and NaCl have been determined by Amdur (32) 
in unanesfhefized guinea pigs. With concentrations of sulfur dioxide of 2 - 250 ppm and 
particulate sodium chloride of 12 ppm and of submicronic size (0.04jj diameter), the 
irritant effect, measured by pulmonary resistance, was greater than for corresponding 
concentrations of sulfur dioxide used alone. 
Goetz (33) has developed a physiochemical theory to explain the altered 
physiological effects of combinations of vapor and aerosol. Stated in its most elementary 
form, the physiochemical considerations that govern the final toxicological outcome are: 
(1 ) the degree of adsorption and absorption of the vapor on or in the particle, (2) the 
degree of chemical or catalytic interaction of vapor and particle, (3) the relative rate 
of desorption of the substance from the particulate onto the biological surface, and 
(4) the toxicity of the new combination, if such occurs. 
This theory finds considerable support in the results of La Belle et oL (31) 
and Amdur (32), and may be used to explain not only synergism but antagonism 
between aerosol and vapor. For if adsorption of vapor on particulate occurs with a 
resulting new chemical compound of lesser toxicity, a lesser effect is predictable. 
On the other hand, if a vapor such as sulfur dioxide, which ordinarily does not 
penetrate into the lung because of upper respiratory absorption, is absorbed on a 
particle of respirable size, it will be carried to the lung in very highly localized 
concentrations. Then, if desorbed onto the mucous surfaces, a synergistic effect 
may be anticipated. 
Undoubtedly, similar conditions operate to explain the enhanced effects of 
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sulfuric acid mist when inhaled with sulfur dioxide, Amdur (34); 8 mg/m ^2^^4 
mist and 89 ppm sulfur dioxide inhaled as a mixture produced more marked effect on 
guinea pig growth, lung tissue changes, and respirotion than was predicted from the 
simple added effects of each. 
Hydrogen sulfide (H2S) at a concentration of 400 ppm also materially increases 
the toxicity of 0.5% carbon monoxide. A 10 - min. exposure of the mixture was 
fatal to mice, whereas the same exposure to each gas singly was not. Exposure to 
the mixture at one-half the concentration of each gas for longer periods was also 
fatal. This effect is possibly one of true synergism, although hydrogen sulfide at 
this concentration stimulates respiration and thus increases intake of carbon monoxide. 
In contrast to hydrogen sulfide, carbon monoxide is not rapidly fatal, and thus simple 
additive effects of each gas would not be expected. 
in conclusion, it should be apparent that, although considerable insight has 
been gained into the effects of certain of the more prominent gases on animals, 
knowledge of the toxic potentialities of some of the more unusual gases is grossly 
incomplete and unsatisfactory. Similarly, only a beginning has been made in the 
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important area of toxîcologîcal interactions in which the presence of one air 
pollutant may, at one extreme, completely abolish the effects of another or, at 
the other extreme, enhance the effects out of all proportion to the toxicity of either 
alone. 
Effects of Some Indigenously Produced Gases on Materials 
The damage to non-living materials from polluted air has long been a significant 
source of economic loss in our society. Pertinent here is that in the agricultural 
industry, complete confinement of domestic animals has created highly corrosive 
environments which have prematurely destroyed building materials and equipment.. 
The more common mechanisms of deterioration in polluted atmospheres are: 
(1) Direct Chemical Attack - Air pollutants react irreversibly and 
directly with the material causing deterioration. Examples of this are the 
tarnishing of silver and the etching of a metallic surface by an acid mist. 
(2) Indirect Chemical Attack - The material absorbs pollutants but 
its deterioration results not from the absorbed pollutant, but from products of 
chemical conversion. 
(3) Electrochemical Corrosion - Much of the atmospheric deterioration 
of ferrous metals is by an electrochemical process. Numerous small electro­
chemical cells tend to form on ferrous metal surfaces exposed to the atmosphere 
whereby anodes and cathodes are set-up as the result of local chemical or 
physical differences on the metal surfaces. The presence or absence of 
moisture will largely determine the extent of corrosion by this means. Also 
air pollutants such as sulfur dioxide will destroy developed protective oxide 
films (35). 
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Larrabee (35) reports that when iron remains in dry air for an appreciable 
length of time it develops a protective film of oxygen, but that the subsequent 
presence of sulfur dioxide (SO2) will destroy the protective oxygen layer. 
Among the more important factors contributing to corrosion by air pollutants 
are moisture and temperature. Without moisture in the atmosphere there would be 
little if any corrosion even in the most severely polluted environments. Visible 
wetting of surfaces is not required for corrosion to take place. For several metals 
there seems to be a critical atmospheric humidity which, when exceeded, produces 
a sharp rise in the rate of corrosion. Sony a I and Bhadwor (36) report that for 
atmospheres containing sulfur dioxide (SO2) aluminum has a critical humidity of 
80% and mild steel shows two, 60 and 75%. • 
The most obvious influence of temperature is on the rate of the chemical 
reaction responsible for deterioration. Objects exposed during a radiation 
temperature inversion lose heat rapidly and usually cool to temperatures below 
that of the ambient air. If their surface temperature falls below the dew point 
condensed moisture forms. The resulting moist surface, in the presence of 
corrosive pollutants whose concentrations are increasing under the influence of 
the temperature inversion, provides an ideal environment for the promotion of 
damage. 
Because corrosion of materials is in itself an extensive subject of study, 
discussions here are limited to a few of the compounds commonly encountered in 
agricultural atmospheres. 
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Carbon Dioxide 
The principal undesirable effect of atmospheric carbon dioxide is deterioration 
of masonry work (37), In the presence of moisture, carbon dioxide produces carbonic 
acid, which attacks calcium carbonate, converting it to the water-soluble bicarbonate 
which is then leached away. Carbon dioxide is also responsible in part for the 
atmospheric corrosion of magnesium. 
Sulfur Oxides 
Moisture must be present for sulfur oxides to attack iron and steel and there 
appears to be a critical humidity above which the corrosiveness of sulfur dioxide is 
accelerated. Figure 1 summarizes the recent work of Sereda (38) and relates 
corrosion of steel to outdoor concentrations of sulfur dioxide. 
Figure 1 . Graph shows how the rate of corrosion of steel based on a day of wetness 
is affected by the temperature and sulfur dioxide pollution rate (38) 
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Work by Binger et al. (39) shows aluminum to be fairly resistant to attack 
by sulfur oxide concentrations normally found in polluted atmospheres. 
Hydrogen Sulfide 
Hydrogen sulfide can be oxidized in the atmosphere to SO2 and SO^ 
especially under conditions of high humidity. However, there are several forms 
of deterioration which are related directly to H2S gas. 
Paints that contain lead compounds, for example, are rapidly darkened in 
the presence of even low concentrations of H2S by the formation of black lead 
sulfide. 
Solid Particulates 
Particulate matter appears to be an important factor in the corrosion of 
metals, particularly in the presence of an acidic forming gas. In work carried 
on at the Chemical Research Laboratory in Teddington, England (40) it was shown 
that the rusting of iron in a moist atmosphere containing SO2 is greatly" accelerated 
by the presence of particulate matter. In one experiment a sample was exposed to 
a moist atmosphere containing traces of sulfur dioxide (SO2). Another sample was 
exposed to the same atmosphere, but protected from particulate matter by means 
of a muslin cage which permitted only the gaseous constituents to contact the 
sample. The ruling of the protected sample was negligible while the unprotected 
sample rusted severely. 
The same effect was confirmed by Preston and Sanyo I (41). Various metallic 
surfaces (coated and uncoated) were "inoculated" with fine powders using such 
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materials as sodium chloride, ammonium sulfate, ammonium chloride, sodium 
nitrate, and flue dust. The samples were then exposed to atmospheres held at 
various humidities and the resulting corrosion was measured. . With all but one of 
the inoculates corrosion increased with humidity, the exception being ammonium 
chloride, 
Barton (42) carried out experiments to determine the corrosive effects of 
a variety of artificial dusts on metals. He concluded that the quantity of H2O -
soluble in the dusts, the pH of the resulting solution, and the concentration of 
chloride and sulfate ions were important factors in this type of corrosion. He 
stated that, contrary to previously expressed opinions, corrosive action was not 
affected by dusts with high absorptive capacities for water and sulfur dioxide. 
In conclusion, fragmentary data on the effects of air pollutants and 
aerosols on the performance of animal physiology and material durability is 
available. Physiological changes that isolated pollutants will induce in tests 
animals under given concentrations of various gases have been observed'. 
Evidence has also been obtained on the corrosion encountered with some 
specific combinations of air pollutants and materials. 
Very little information is available on the effects of mixtures of various 
air pollutants, either combined or uncornbined with particulate matter, on animal 
and material performance. Although little research has been done in this area, 
the importance of the problem is well recognized along with the associated 
findings of synergism and antagonism. 
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The evidence presented thus gives only an insight into the nature of air 
pollutants and the importance of studying their detection, their source of origin, 
and the effects they have on both animals and buildings. 
1 
SOURCES OF GASEOUS COMPOUNDS 
The origin and types of many gases that might occur in the atmosphere of a 
livestock building have been identified and characterized v/ithin the disciplines of 
organic and biochemistry. Their normal characterization, through preparation and 
yield of organic compounds, however, is not as important to this study as is their 
reaction in a dilute solution when serving as a source of energy for living organisms. 
Similarly, classes of, rather than specific individual compounds are of most interest. 
Organic Decay and Decomposition 
Waste organic substances of all types, including grasses, leaves, manure, human 
and industrial waste, are utilized as a source of energy by a succession of living 
microbiological organisms. A series of biochemical reactions ore set in motion and 
eventually the waste materials are decomposed and returned to nature. This 
decomposition of organic matter is brought about by a highly complex bacterial 
metabolism. 
The changes through which organic constituents of animal wastes are metabolised 
by bacterial life is termed biolysis. The bacteria break down the complex organic 
substances, such as carbohydrates and proteins, into simpler organic acids and then 
ferment these acids to ultimately form methane and carbon dioxide. 
The first step in the breakdown of animal wastes is marked by the rapid 
disappearance of the available oxygen. Urea, ammonia, and other products of 
digestive putrefactive decomposition are partially oxidized, rapidly consuming the 
available oxygen and causing the wastes to become anaerobic. The second state is 
putrefaction in which the action is under anaerobic conditions. Proteins are broken 
down to form urea, ammonia, the foul-smelling mercaptans, hydrogen sulfide. 
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aliphatic and aromatic acids, amines, and amides; fats are broken down Into their 
original fatty acids, water, carbon dioxide, hydrogen, methane, and other sub­
stances; carbohydrates are affected somewhat similarly to the hydrocarbons, turning 
to alcohols, aldehydes and then acids, together with carbon dioxide, hydrogen, 
methane, and other compounds. The third state is the oxidation or nitrification of 
the products of decomposition resulting from the putrefactive state into nitrates and 
nitrites, which are stable and usable forms of plant food. 
Because the anaerobic second stage of biolysis, putrefaction, gives off foul-
smelling odors, the gases produced are of special interest. The gases that have been 
detected and studied thus far are methane, carbon dioxide, ammonia, hydrogen 
sulfide, and sulfur dioxide. Day et al. (4) have detected and measured these gases in 
relationship to management, ventilation, and building design of hog houses. McAllister 
(6), in reporting on research of dung gases in buildings, points out numerous cases of 
gas poisoning, reduced productivity, and even deaths that have been attributed to 
the above mentioned gases. 
It appears, however, that other gases are present in the composition of a live­
stock atmosphere which create obnoxious odors and potential health hazards for animals 
and their managers. To point out what gases these might be, it becomes essential to 
look briefly into the biochemistry of carbohydrates, proteins and fats, and to trace the 
metabolic pathways to see what chemical changes are brought about by the biolysis of 
animal wastes. 
The main pathways along with the major intermediate products of animal wastes 
are schematically (43), 
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Other intermediate products thct may result from the biological degradation 
of the amino acids, fatty acids, and alcohols, are mercaptans, amines, amides, 
carbonyls, and esters. 
Carbohydrates ' 
The term carbohydrate applies to all compounds of carbon, hydrogen, and oxygen 
in which the hydrogen and oxygen are in the ratio of 2:1. Carbohydrates may be 
grouped into three general classifications depending upon the complexity of their 
structure: (1) simple sugars, or monosaccharides; (2) complex sugars, or disaccharidss; 
and (3) polysaccharides. 
Among the monosacchcridas, glucose is of particular interest in waste treatment, 
it contains a carbonyl group in the form of an aldehyde end is usually the sole product 
when di- or polysaccharides are hydrolyzed. This sugar is readily oxidized by aerobic 
bacteria and is also rapidly fermented under anaerobic conditions with acid formation 
resulting in both cases. 
24 
Two polysaccharides of interest in the processing of animal wastes are starch 
and cellulose. Starch has the general formula 
CHgOH CHgOH CH2OH 
OH H OH H OH H 
H OH 
STARCH 
and occurs in a wide variety of products grown for food purposes, such as; corn, 
wheat, potatoes, etc. Cellulose has the same general formula 
H OH 
OH H 
CHgOH 
CHgOH 
i__0—' OH H 
— 0 
H OH 
CELLULOSE 
CHgOH 
as starch but differs in its structure. Cellulose forms the structural fiber of many 
plants and thus is contained in most animal waste products. In both cases, biological 
degradation presumably involves hydrolysis to glucose as the first step. The molecules 
of glucose are further reduced by bacterial action to alcohols, aldehydes and ketones, 
organic acids, and finally to carbon dioxide, methane, and water. 
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Profeins 
Proteins are complex structures containing carbon, hydrogen, oxygen, and 
nitrogen with a few containing phosphorous and sulfur. Like polysaccharides, which 
may be considered to be made of glucose units, proteins are formed by the union of 
-amino acids. Amino acids, the building blocks of protein, all have an amino 
group ( -NHg) attached to the alpha carbon atom as well as on acid radical 
(-COOH) and, thus derive their name of amino acids. 
The biological degradation of proteinaceous matter takes place through hydrolysis, 
progressing in steps until the protein is broken down into amino acids. It is essential 
for hydrolysis to yield amino acids as an end product so that passage through the cell 
walls is possible. 
Hydrolysis of protein to amino acids proceeds according to the pathway 
PROTEIN—«-PROTEOSES—«-PEPTONES—»- POLYPEPTIDES—«-DIPEPTIDES I 
AMINO ACIDS 
Within the cell, deaminization of the amino acids occur resulting in the 
production of free fatty and other organic acids. The nature of deaminization varies 
according to whether aerobic or anaerobic conditions exist. 
Under aerobic conditions deaminization of amino acids by bacteria produces 
either saturated acids with one less carbon atom or hydroxy acids with the same 
carbon atom. 
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NH, 
R-C-COOH BACTERIA ENZYMES 
AMINO ACID 
R - COOH + COG + NH3 
ACID 
HPO OH I 
R-C-COOH + NH, 
I  ^  
H 
HYDROXY- ACID 
Bacterial deaminization under anaerobic conditions may proceed with or 
without reduction to form the corresponding saturated or unsaturated acid. 
He 
NH2 
R -  CH2 -C-COOH 
I  
H 
AMINO ACID 
ENZYMES 
R-  CHg-CHg -  COOH +  NHg 
SATURATED ACID 
- * -R-CH =  CH-COOH +  NH2 
UNSATURATED ACID 
These acids formed under oerobiè or anaerobic conditions are further oxidized 
as free or fatty acids producing acetic acid. 
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Fats 
Fats, like carbohydrates, are made up of carbon, hydrogen, and oxygen and 
are esters of the trihydroxy alcohol, glycerol. Bacteria use fats as a source of food, 
hydrolyzing them to the corresponding fatty acids and alcohols. These free fatty 
acids and those produced in the deaminization of amino acids undergo further break­
down according to Knoop's betaoxidation theory in which acetic acid is cleaved 
from the original acid. Acetic acid is oxidized to carbon dioxide and methane. 
Metabolic Pathways Thus far, the biochemistry concerning the initial 
steps in the degradation of waste matter has been presented. The presentation was 
oversimplified, its purpose only to point out the intermediate breakdown products of 
the three main organic substances of carbohydrates, proteins, and fats. These inter­
mediate products then enter a common terminal pathway enroute to their final 
stages of decomposition. Some of the seemingly more pertinent metabolic reactions 
follow. 
Saturated hydrocarbons and glucose molecules break down to form an alcohol 
and then enter into a common pathway. The saturated hydrocarbon converts to an 
unsaturated hydrocarbon which reacts with water to form an alcohol. Glucose, 
through the process of glycolysis, also breaks down to form an alcohol. The alcohols 
are oxidized to the aldehyde and then to an acid. The basic metabolic pathway is 
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if the starting material is ethane, acetic acid would result, which is the key 
intermediate in all biological metabolisms. If the starting material contains three 
carbons or more, the acid formed must be further metabolized. 
The currently accepted scheme for the metabolism of higher organic acids 
resulting from (1) the degradation of hydrocarbons and carbohydrates; (2) the 
deaminization of amino acids; and (3) the metabolism of fatty acids is the beta-
oxidation theory which cleaves an acetic acid molecule from the original organic 
acid. 
29 
The enzyme system involved in this cleavage contains Co-enzyme A (CoA). 
CoA reacts with the acid to form a CoA-acid complex. Desaturarion occurs between 
the alpha and beta carbon. Water is added to the molecule to form a -hydroxy acid. 
Oxidation forms a keto acid which is split by CoA to form oceiyi-CoA and an acid-CoA 
complex, which now has two carbon atoms less. The acetyl-CoA can be oxidized to 
carbon dioxide and water while the other component, if larger then a two carbon 
complex, undergoes further degradation. The pathv/ay for the beta-oxidation process is 
H  H  0  W H O  
I I II "HOH I i n 
-C-C-C-OH + MSCOA ^ -C—c —C-SCoA II 11 
H H H H 
ACIO CoA — ACIO C0U5»L£X ^ ^ ^ 
II 
— C wC-C— SCoA HO 0 / Il 
i II II / H K 
H-*C~C"*SCoA + —C—SCoA 
" \ / IL 
ACETYL -CoH 
HOH il 
UNSATURATED CoA-ACIO COMPLEX 
O H O  O H  H  0  
Il I (1 I I II 
— C*C ""C*~SCoA — C — C — C ~ SCo A 
I -2H I I 
H H H 
KETO-iCIO ^-HYDROXY ACID 
Besides the intermediate and end products produced by the metabolic pathways, 
there are other intermediate organic reactions taking place which result in still other 
compounds. Among these reactions are those yielding esters, amides, amines, and 
sulfur derivatives. 
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Esters 
Esters are compounds formed by the reaction of acids and alcohols. The 
reaction may be represented as: 
0 
I I  
R-COOH +•  R,OH H 20  "i"  R—C —0—R 
ACID ALCOHOL ESTER 
Esters are hydroiyzed by micro-organisms to yield the corresponding acid and 
alcohol which is then reduced according to the metabolic pathways to carbon dioxide 
and water. 
Amides 
The amides are derived from organic acids and ammonia. Urea is an amide of 
considerable importance because it is a normal constituent of urine. Urea is hydroiyzed 
to carbon dioxide and ammonia according to the following reaction 
NHp 
/ , • 
C  =  0  +  HgO  CO  ^ 4 -  2 N H 3 I  
NH2 
U R E A  
Amines The amines are alkyl derivatives of ammonia (R-NH2). They are 
found in nature particularly in the fish and beet industry. Therefore, if animals are 
fed fishmeal, amines may be present in their waste matter. Amines may also be 
present due to the decarboxylation of amino acids. The mechanism of this enzymic 
reaction, catalyzed by pyridoxal phosphate, is 
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H J 
R-C-COOH + 
I 
NH2 
AMINO ACID 
PYRIOOXAL 
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STRUCTURE -CO2 
R — CH? 
R-CHp 
I 
NH2 
:« AMINE 
+ H2O 
+ Ô 
The net result is the production of carbon dioxide and a primary amine, whose formula 
can easily be derived from line amino acid which was deccrboxyiated. 
Sulfur Compounds Sulfur molecules are present in the amino acids of 
cysteine and methionine. These two compounds are degraded chiefly through one of 
two reaction sequences: either to pyruvate plus hydrogen sulfide and ammonia or 
through oxidation to cysteic acid and subsequent decarboxylation and deaminization 
resulting in a mercoptan. The pathway of this degradation is 
<-
HgS 
CH-. 
I 
0 = 0 -
!  
COOH 
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CHG- SH 
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Upon further degradation these compounds enter the waste matter in the form of 
sulfates. In the absence of dissolved oxygen and nitrates, sulfates serve as a source 
of oxygen for biochemical oxidations produced by anaerobic bacteria. Under 
anaerobic conditions, the sulfate ion is reduced to sulfide ions which establishes on 
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equilibrium with the hydrogen ions fo form sulfides 
SO- + ( ANAEROBIC ( bacteria 
S + 2H + HgS t 
In summary, the known biochemistry and metabolic pathways of bacterial 
reduction of livestock wastes would indicate that several gases might be found in the 
atmosphere of a confinement livestock production building. Of these, the more 
important to this study are the low molecular weight organic compounds, namely the 
straight-chain hydrocarbons, alcohols, aldehydes, ketones, esters, amines, mercaptans, 
etc.; and a few inorganics, such as carbon dioxide, ammonia, hydrogen sulfide, and 
sulfur dioxide. 
Each compound, upon entering the atmosphere, establishes its own specific 
equilibrium condition between the liquid and gaseous phase. The concentration of 
each gas will vary according to its vapor pressure at a given temperature. The number 
and types of gases present in the building at any given time will depend upon the size 
and age of the animals, the strength and age of the wastes, and the waste disposal 
system employed in the building. 
In reviewing the general metabolic and organic reactions in the preceding sec­
tions, only a few key reactions are found. Consequently, though the pathways as 
reported are a gross oversimplification of the complex series of reactions, with them 
one can follow the degradation process and predict the products present in the waste 
matter and what gases might be expected to exist in a confined livestock building. 
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IDENTIFICATION OF GASEOUS COMPOUNDS 
A first step in the systematic identification of an organic substance is to gather 
some general behavioral information on the unknown and then to seek, by qualitative 
tests, the compounds present. Generally there exists a variety of possible procedures 
and tests seeking this general information, many of which may give valuable clues to 
the nature of the unknown. 
The solubility of organic compounds in selected solvents was chosen as the 
first step for identification purposes in this study. On the basis of solubility behavior 
of an unknown, decisions can be made as to a logical sequence for identifying the 
functional groups present. 
The outline for classifying the unknown gaseous components according to the 
solubility behavior as described by Cheronis et al. (44) is 
Solubility 
INSOLUBLE SOLUBLE 
INSOLUBLE 
DIVISION S 
2.5 N NoOH DIVISION B 
SOLUBLE INSOLUBLE 
I  IN 
NoHCO 
CONG. 
H^SO^ 
SOLUBLT INSOLUBLE IQLUBLE 
0»ViS<ON AZ 
THE UNKNOWN GAS 
WATER 
The absorption train employed in the solubility classification technique is 
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I.2N 
MCI 
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When liquid manure is placed in a 5 liter round-bottom flask and a stream of 
nitrogen bubbled through the manure, organic vapors are forced through the absorption 
traps. Each absorption trap contains 25 ml of a reagent. After 24 hours of operation 
qualitative tests are conducted on each trap according to its solubility classification. 
In the system shown, eight functional groups are considered: amines, amides, acids, 
alcohols, esters, carbonyls, sulfides and mercaptans. 
These tests indicate, with considerable assurance, the presence of certain 
chemical classes. Systematic methods may now be used to concentrate and collect 
these groups for additional analyses. 
Gas Chromatography 
Gas chromatography is a currently useful way to follow up the findings of 
solubility tests because it affords a way to separate even minute components in an 
unknown mixture, each component characterized by an almost unique retention time 
under a defined set of operating conditions. Several techniques for analysis by gas 
chromatography seem specifically applicable to this study and a brief description of 
each follows. 
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Idanrificatîon by Occurence of Pecks 
For the investigator who must dea! with entirely unknown mixtures of com,pounds, 
the use of retention data alone for the identification of components separated by gas 
chromatography is a serious limitation. !n most cases, the mixtures encountered con­
tain a number of heterofunctional and isomeric components, and some of the components 
of such mixtures have the same, or nearly the same, retention times, even through 
different column materials. Although the analysis ultimately might be accomplished by 
finding suitable liquid phases to effect resolution and identification, the large number 
of liquid phases to be studied make this approach time-consuming and unrewarding. 
Even though the problem has been solved in some cases by collection of the eluted 
peaks followed by infrared spectrophotometry (45 , 46) or mass spectometry (47 , 48) for 
subsequent identification, the additional Instrumentation is very expensive and the 
collection procedure is cumbersome and not entirely reliable. 
The failure of gas chromatography to provide complete qualitative analysis then 
is due primarily to the inability of the gas chromatograph to determine or distinguish 
organic functionality (49). Therefore, if the functionality can be independently 
established, the identity of a particular compound can now be made from its retention 
volume. Various methods have been undertaken to develop the systematic use of 
functional group classification reagents to provide direct, rapid, and inexpensive 
methods of qualitative gas chromatographic analysis. 
Among these techniques is work done by Walsh and Merritt (50) to identify the 
eluted peak by a reaction test with a set of functional group classification reagents. 
Because the eluted gas In chromatogrophs using flame detectors is destroyed by being 
burned, the addition of a stream-splitter is required which by-passes a portion of the 
eluted sample to a set of classification reagents. 
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Another method by Bassette and Whitnah (51) removes certain classes of compounds 
selectively from the original mixture and causes a corresponding disappearance of 
peaks from the chromatograms of the head space gas above the mixtures. 
Hoff and Feit (52) devised still another technique In which prechromatographic 
reactions between vapor mixtures and selective reagents takes place in a hypodermic 
syringe. This method either eliminates functional groups of compounds or converts 
them to other families which can be easily detected on the chromatogram. 
A combination of the afore-mentioned methods may be employed to distinguish 
organic functionality in a gas sample containing a number of heterofunctional 
components. Once the functional group of an eluted peak is established, it can then 
be further identified by means of its retention time or by a semi-log plot of retention 
time versus carbon numbers. 
Identification by Elimination of Peaks 
This technique, described by Hoff and Feit (52) as the syringe reaction technique, 
is successful in eliminating carbonyls, amines, and acidic compounds from gaseous 
samples. The principle involves bringing the dilute vapors of organic compounds into 
contact with selective chemical reagents inside a hypodermic syringe before injection 
into the chromatograph, This technique is especially useful in identifying the carbonyl 
compounds in an organic gas sample collected by the salting concentration technique. 
In the salting concentration technique, carbonyls are eliminated by treating the 
gas sample with a hydroxy lamine reagent, prepared by adding 4gms, of NH2OH , HCL 
to 50 ml. of water. To the Inner wall of a 5 ml, syringe, 25^ 1. of the reagent is 
applied and the plunger inserted in a rotary manner to Insure an even wetting of the 
syringe wall. The gas sample is drawn into the syringe and exposed for three minutes 
to the reagent before Injection into the chromatograph. The eliminated peaks on the 
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treated chromai'osram, compared with the untreated chrornatogram, identify the 
cQrbonyls. 
Sodium bicarbonate and hydrochloric acid reagents also may be used for the 
detection of organic acids and amines, respectively. 
identification by Conversion to Other Compounds 
• This technique also is described among the syringe reactions by Hoff and Feit 
(52) and is used to identify alcohols by converting them to their corresponding 
nitrites. Again, these samples are collected by the previously described salting 
concentration technique. 
in this case, the syringe is treated with 25^/1.of a sodium nitrite reagent and 
exposed for three minutes before injection. The sodium nitrite reagent consists of 
a mixture of equal parts of freshly prepared 2.5 g of NaN02 in 50 ml.of H2O and 
T N H2SO4. 
The nitrite peaks ore easily identified as sharply eluted peaks of short retention 
times. 
Identification by Selective Absorption 
Group functionality of the unknown gases can also be established by the use of 
absorption traps. These traps contain reagents that will selectively absorb or form 
derivatives of a specific chemical group. The individual compounds of the group can 
then be further identified as derivatives of the reagent or as pure compounds if they 
are regenerated bock to their initial state. 
This technique is employed in the concentration and identification of alcohols. 
Volatile gases from a manure sample ore bubbled through the absorption train and the 
alcohols collected as their nitrites in the sodium nitrite reagent. This solution is 
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injected directly into the chromatogram and the alcohols identified as their nitrite 
derivatives. 
It should be noted that this technique has a two-fold purpose in that it not 
only classifies the group but also can be used to concentrate the gases. As a 
result, two methods that have been used to concentrate specific groups also serve 
to aid in their identification. These methods, previously discussed in more detail 
under the section titled Concentration by Selective Absorption, are used to concen­
trate and identify alcohols and corbonyl compounds. 
Determination of Compounds Within a Homologous Series 
The gas chrom'atograph has the ability to separate complex mixtures into 
individual components. The identification of these compounds often times becomes a 
very difficult task, if, however, the peak can be classified as a member of a given 
chemical group, the final identification is considerably simplified. Two methods that 
work very well for identifying the components in a homologous series are retention 
time data and log plotting. 
With retention time data, the volume of carrier gas required to elute a compound 
from a gas chromatograph column is called the retention volume. Because the flow 
rate is linear with time it can also be referred to as the retention time. The retention 
time is characteristic of the sample and the liquid phase, end therefore can be used to 
identify the sample. Identification is based on a comparison of the retention time of 
the unknown component with that obtained from a known compound analyzed with the 
same column under identical conditions. 
With log plotting, if a sample containing several members of a homologous 
series is injected into a gas chromatograph, the log of their retention times is. propor­
tional to some increasing property of the homologous series. Therefore, identification 
39 
of members of a homologous series can be obfained by plotting log of the retention 
time versus the number of carbon atoms. 
This method of identification is useful in that only two or three compounds are 
needed to establish the slope of the line and thus can be used to identify other 
members of the series. 
Miscellaneous Techniques 
There are, in addition to the tests and techniques mentioned, other selective 
methods for the identification of certain compounds. A few of these methods that are 
especially helpful will be mentioned. 
A method to absorb hydrogen sulfide and methyl mercaptan was developed by 
Koren and Gierlinger (53). The reagent is prepared from bismuth nitrate and capable 
of selectively precipitating out these two compounds. The procedure for preparing 
the reagent is presented in Appendix C. 
Another method used to selectively absorb hydrogen sulfide and methyl mercaptan 
was developed by Marbach and Doty (54).' In this case, the odorous vapors were 
carried with a stream of nitrogen into a trapping tube containing cadmium hydroxide 
and sodium hydroxide. Methylene blue is then developed by adding a mixture of the 
acid amine solution and Reissner's solution (see Appendix B) to the trapping tube and 
vigorously shaking. The two gases can be identified by measuring their absorption band 
on a photoelectric colorimeter; 665 nyv for hydrogen sulfide and 490 rtyy for the methyl 
mercaptan. Quantitative analysis of the gases is easily performed if standards are 
developed. 
Disulfides can be collected by bubbling the odorous vapors through a reagent trap 
containing mercuric acetate (4% W/V). A white precipitate is formed by the addition 
of sodium chloride which can be used to regenerate the gases for chromatographic 
analysis (55). 
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EXPERIMENTAL 
General 
The experimental portion of this research wcs conducted in the AiSI-iSU 
Swine Atmosphere Research Building, a laboratory cooperatively supported by 
American Iron and Steel institute and Iowa State University. The building contained 
two animal chambers, an air-mixing chamber, a mechanical and feed room, and a 
laboratory (Fig, 2). In addition to the work described in this study, the facilities 
were equipped to conduct exposure studies on selected materials for floor, pen 
partitions and room surfacing construction (Fig. 3). Additional details of the 
facilities are presented in Appendix A, 
Each animal chamber had capacity for 24 animals and was equipped to provide 
substantia! control over the environmental conditions. Some variations in management 
practices also were possible to meet the needs of the experiment. The building was 
occupied by animals throughout the year except for short periods of time betv/een 
experimental groups. At this time the entire facility was cleaned. 
Entering hogs averaged about sixty pounds each. They were divided into equal 
groups of eight pigs and placed in the three pens in each chamber. The hogs received 
a self-fed 14% protein growing-finishing ration and were kept in the building until 
they reached market weight. The main purpose of the hogs v/as to create^o typical 
swine atmosphere under controlled conditions ihat could be analyzed for its specific 
components. 
Each pen was four feet wide by sixteen feet long, had a floor slope of one-half 
inch per foot and contained a four feet square section of slotted floor at its lower end. 
A deep narrow gutter beneath the slotted floor area, equipped with an overflow pipe, 
served as a manure storage pit. The pits were drained and cleaned every two to three 
Figure 2. The research facility 
Top: AISI-ISU Swine 
Atmosphere Research Lab 
Center: Analytical Lab. 
Bottom; Animal Chamber. 
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Figure 3, Exposure tests 
Center Pen partitions 
Slotted floors Bottom: 
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weeks depending upon the size of animais. Chamber management approached that 
of a commercial hog enterprise. 
The temperature in each chamber was maintained at 70 degrees Fahrenheit or 
above to promote a high odor production. A pressurized ventilation system provided 
a supply of fresh air at all times to each chamber. 
The laboratory space was maintained at a relatively constant temperature 
throughout the year to minimize variability in testing procedures. Two gas chromato-
.graphs were used in the study. One chromatograph was equipped with a hydrogen-
flame ionization detector while the other system contained a thermal-conductivity 
detector head. 
The Gas Analyzing Systems 
Hydrogen-Flame System 
The primary component of the hydrogen-ficme system was an Aerograph Model 
660 gas chromatograph equipped with c single channel electrometer, a hydrogen-
flame ionization detector and a strip-chart recorder. The chromatograph has separate, 
independently heated and controlled ovens for the detector and column, and a 
separate, independently heated and controlled iniection port. The temperature for 
all three components can be read from a pyrometer on the chromatograph. 
The gas flow system for the Aerograph 660 is shown schematically in Figure 4. 
A carrier gas supplied by a high pressure supply tank flows through a two-stage 
regulator, a flowmeter, a flow controller, and a 6-wây gas sampling valve to the 
heated injector. Samples can be introduced into the system either through the 6-way 
valve or by means of a syringe and needle through a rubber septum on the heated 
injector port. 
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Figure 4. Gas flow system for the Aerograph 660 
Hydrogen gas to operate the detector head also flows through a 'two-stage 
regulator, a flowmeter, and an inline flow restrictor to the detector head. 
After a sample has been injected, it is transferred by the carrier gas into 
the column where separation of the unknown gas sample takes place. The separated 
components then flow through the detector producing an electrical output which is 
amplified and recorded. 
Nitrogen was used as the carrier gas in this system and was metered along with 
the hydrogen flow by two calibrated Brooks Sho-Rate "150" Rotameter-Kits. These 
rotameters provided a continuous check of the flow rates to the gas chromatograph. 
The Hydrogen-Flame ionization Detector 
The hydrogen-flame ionization detector (FID), shown in Figure 5 and used in 
this study, for the detection of organic gases. Is based on the principle of ionization 
of the solute and measurement of the current generated. This type of detector 
characteristically possesses a large linear range and Is applicable with high 
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sensitivities to a wide range of solutes. It is relatively insensitive to flow and 
temperature changes, and is very rugged and reliable, requiring only minimum 
maintenance. It is also Insensitive to fixed gases, namely, CO2, SO2, 
and H2O. 
Figure 5. Schematic cross section of the hydrogen-flame ionization detector 
Figure 6 shows the schematic circuit of the flame ionization detector. 
According to Gill, et oL (56), 
"Hydrogen Is burned in air to obtain a plasma which has a 
sufficient thermal energy to ionize the organic matter passing 
through It. The ions generated are collected at a polarized 
electrode closing the electrical loop shown. The resulting ion 
current is monitored by measuring the voltage drop across the 
resistor. " 
"The sensitivity of the flame Ionization detector is 
roughly proportional to the carbon content of the solute, i.e., 
with hydrocarbons the normalization of peak areas gives-
percentages very close to the weight composition. Sensitivity 
varies with other compounds and requires calibration for high 
accuracy." 
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Figure 6. Schematic circuit of the fiame ionization detector 
Thermoconductivity System 
The primary component in the second gcs analyzing system was an Aerograph 
Model 90-P3 gas chromatograph equipped with a thermoconductivity detector. 
The 90-P3 has individual temperature control for the injector vaporizer, column 
oven, detector oven, and collector exits. The temperature of all of these 
components can be read out on a pyrometer on the chromatograph. — • 
The gas flow system for the 90-P3 is shown schematically in Figure 7. 
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Figure 7. Gas flow system for the 9Û-P3 
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A carrier gas flows from a high pressure supply rank through a two-stage regulator, a 
flowmeter, a flow controller, and an Aerograph 6-way sampling valve to the heated 
injector. This system, like the hydrogen-flame system allows either automatic 
injection by means of the 6-way gas sampling valve or manual injection by means of 
a syringe and needle. 
Helium was used as the carrier gas in this system and was metered by means of 
a Brooks Sho-Rate "150" Rotometer. 
The Thermoconductivity Detector 
The differential thermoconductivity detector responds to all compounds except 
the carrier gas itself. It is useful for analyzing mixtures of inorganic and organic 
compounds. 
The detector consists of four Vv'X (tungsten-rhenium) filaments each of which 
compose the elements of c bridge circuit for maximum sensitivity. The Wheatstone 
Bridge along with the pov/er supply is solid state end includes a bridge balance, 
attenuator controls, mil!i-ammeter to indicate the filament current and' coarse 
and fine zero adjust to sat the electrical zero of the recorder. 
A rricjor advantage of the thermoconductivity detector is that a sample is not 
destroyed by the detector thus permitting collection of the separated sample for 
other identification procedures. 
Making the Equipment Operational 
This section describes the procedure required to place the systems into operation 
before any gas analyses could be conducted. This procedure is applicable to both the 
Model 660 and the 90-P3 chromatogrcph. 
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The day before a test was to be conducted, the chromatograph injector, 
column, and detector ovens were set to the selected operating temperatures and 
brought to equilibrium. (The temperatures in the various ovens were maintained by 
means of the equal hect-gain, heat-loss principle with specific settings on the 
variable transformer. Calibration curves were prepared to determine the oven 
temperatures for various transformer settings under a constant ambient temperature.) 
The electrometer and recorder were aiso turned on at this time end in the case of 
the Model 660 Chromatography the hydrogen flame was ignited. In all of the 
tests, the detector and injector temperatures were maintained above the column 
temperatures to prevent condensation of the sample in either the injector port or 
the detector head. 
After the chromatograph ovens reached equilibrium the carrier gas and hydrogen 
gas fiow rates were set according to rotometers, previously calibrated for each 
individual gas by means of a bubble fiow meter, in the case of the Model 660, the 
carrier gas fiow rate was adjusted to 30 ml/rnin. at 40 psig and the hydrogen flow 
rate was also set at 30 ml/min. but with a pressure setting of 10 psig. The carrier 
gas flow rates for the thermoconductivity detector varied with different tests, the 
setting reported on each chromatogram of the fixed gases. 
Once the equipm.ent became operational, it was maintained in this condition 
throughout the conduct of the rest. Periodic checks were made to correct for any 
gas leeks or variations that might have developed during the testing period. 
Each day, following a number of tests, the column was baked out to clear it 
of any residual gases in the column. To do this required disconnecting the exit 
end of the column from the detector head, and with the carrier gas still flowing, 
increasing the column oven temperature, and sustaining these conditions for at 
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least four hours. The temperature of the column oven for the bake out procedure 
must be regulated to be above the operating temperature of the column under test 
conditions but below the maximum temperature limit of-the stationary phase. 
Vv'hen an unstable baseline appeared on the recorder, the column was steam 
cleaned, injection of 2 to 3 micro-liters of distilled water into the column created 
a mass of moving steam through the column and detector heed carrying along with it 
water-soluble residual chemicals that might have been retained on the column 
packing. However, this cleaning method is applicable only when the stationary 
phase in the column Is not water-soluble. 
The Column 
One of the keys to successful analysis of a mixture of various compounds by 
gas chromatography is the selection of a proper column. In gas-licuid chromato­
graphy, the column consists of an inert solid material supporting a thin film of a 
nonvolatile liquid in a tube. The tube, made of glass or metal, is coiled to fit 
Into a chromatograph oven. The choice of solid support, type and amount of liquid 
phase, method of packing, length and temperature of the column all are important 
factors in obtaining the desired separation of the chemical mixture to be analyzed. 
Column Selection 
There seems to be no fool-proof method for selecting the proper column for the 
separation of a mixture of various compounds. Many complex separations are reported 
in the various literature, using numerous chemicals end conditions. These literature 
references, along with experience and/or trial and error methods, perhaps provide the 
best guide to the selection of the proper liquid phase and column conditions. As o 
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general rule, the liquid phase should be similar chemically to the components of the 
mixture for an efficient separation. 
The solid support The solid supports used were Chromosorb P, Chromosorb W, 
and Chromosorb W (AW-DMCS) (Acid Washed - Treated with Dimethyl dichlorisiiane). 
The Chromosorb P has the advantage of a large surface area but contains active sights 
which result in tailing of the peaks. To reduce tailing^ a high percentage of liquid 
phase is used, which in turn decreases the efficiency of separation of the column. 
Chromosorb W, although possessing a smaller surface area, has fewer sights 
and therefore has a greater ability to resolve polar compounds with a minimum of ' 
tailing. These characteristics of Chromosorb W permit lower loaded liquid phases 
(2-10%) and thus more rapid analysis. 
Chromosorb W (AW-DMCS) decreases tailing of polar compounds still further. 
However, water vapor in gas samples or aqueous solutions readily ionize the salt 
and cause a complete breakdown of the column. . 
The liquid-phase The liquid phases employed in this study include Carbowax 
20M and liCON 50 HB 2000 Polar. Carbov/ax 20M is a trademark of Union Carbide 
and is a polyethylene glycol polymer. !t is especially useful for separating polar end 
semi-polar compounds. The loading rates used were 30% concentrations on Chromosorb 
? and 5 to 10% concentrations on Chromosorb V/. 
UCON 50 HB 2000 Polar is also a Union Carbide product designating polymers 
of polypropylene glycol. The loading rates for UCON were 5-10% on Chromosorb W. 
Another column material used in this study was Poropak, a new polymer column 
packing by Aerograph that serves both as the liquid phase and solid support. One of 
the remarkable properties of this column is the rapid elution of water and other highly 
polar molecules with little or no tailing. The elimination of the conventional liquid 
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phase also reduces bleeding of the column. "Bleeding" refers to the loss of the 
column liquid phase and its transport to the detector head where it creates a voltage 
disturbance, termed noise, on the strip-chart record. 
Column Preparation 
The columns used were coiled pieces of stainless steel tubing, one-eighth or 
one-fourth inch in diameter and six feet long. Each column was provided with two 
Swag 1 ok nuts at each end for connection to the oven of the chromatograph. 
The column packing was prepared by placing the weighed solid support in an 
evaporating dish and then adding the calculated amount of the liquid phase dissolved 
in a suitable volatile solvent. The amount of solvent used was just enough to create 
a slurry. The solvent was evaporated and during drying, the mixture gently agitated 
by shaking the dish. The resultant impregnated support was then ready for packing. 
In packing a column, a straight piece of tubing of the desired length and 
diameter was plugged loosely at one end with a piece of glass wool. A funnel was 
attached to the open end and filled with the coated support. The column was 
vibrated by a hand vibrator to facilitate the movement of the impregnated granules 
into the tubing. After the tubing was completely packed, a piece of glass wool was 
inserted into the open end. The packed column was then coiled around a pipe of 
suitable diameter and shaped to fit the chromatographic oven. 
Conditioning of the Column 
All columns, before being used for the separation of gases, were conditioned 
to eliminate bleeding. Conditioning the column consisted of disconnecting the exit 
end of the column from the detector and baking the column for 2-3 days in the column 
oven, as described previously, while a small amount of carrier gas flows through the 
column. 
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Preparation and Collection of Samples for Chromatographic Analysis 
Many of the gases causing odors in a sv/ine atmosphere may be present in such 
minute quantities that their mechanical detection is quite difficult. Even though 
present in concentrations as lov/ as 0.1 ppm, some may still exert a pungent odor and 
cause physiological disorders. It is believed that the major components of odors in a 
confined livestock building result from fresh or partly decomposed manure. Initially 
samples were collected for analysis by drawing a 1 ml. sample of the atmosphere 
from the space above the manure pits In the animal chambers. The sample v/as 
collected with a syringe and needle end injected directly into the chromatograph. 
The gases of interest, however, were found to be below the concentration levels 
detectable by the available chromatographic equipment, and as a result, methods 
had to be incorporated to concentrate the gases. Because this study was concerned 
first with a qualitative analysis of the atmosphere, use of concentration techniques 
would not affect the outcome of the experiment while it would fcciiitate the detection 
and identification of the various gases end greatly improve the reliability of the data. 
The concentration techniques used Included, methods of salting, condensation, and 
selective absorption. 
Concentration by Salting 
The analysis of gas above dilute aqueous solutions of organic compounds by gas 
chromatography has been reported by a number of workers (57, 58, 59). A technique 
that makes possible the direct chromatographic analysis of volatiles from biological 
fluids at concentrations of 1 ppm or less has been developed and reported by Bassette 
end co-workers (60), Although the method was developed for the detection of 
volatile components in biological fluids such as milk, blood, and urine, it was quite 
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easily adaptable for this study as the enrichment procedure for the organic gases. 
The procedure involves the salting out of the dissolved gases from an aqueous 
solution by the addition of anhydrous sodium sulfate. Steps to prepare gas samples 
by this method are as follows: 1.2 grams of anhydrous sodium sulfate are placed in a 
5 ml, serum vial and 2 ml. of a filtered liquid manure sample added. The vial is 
sealed with a serum cap and the solution vigorously shaken for 5 minutes. The vial 
is then immersed in a 60° C. water bath to a depth slightly above the level of liquid 
in the vial for 3 minutes. A needle from a gas-tight syringe is inserted through the 
rubber cap and the syringe evacuated and refilled five times to insure a good transfer 
of the head space gas into the syringe. The syringe is then removed from the vial, 
the volume adjusted to 1 ml., and the sample injected into the chromatograph, 
Concentration by Fractional Condensation 
Another method used to concentrate the volatile gases obtained above the 
holding pit was to pass the vapors through a cold trap and collect the condensed 
gases. Day et_ oL (61) used this technique successfully in identifying the volatile 
components of skimmilk. 
The apparatus for collecting the vapors is illustrated in Figure 8. 
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Figure 8. Apparatus used for collecting volatile gases by fractional condensation 
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A stream of nitrogen is passed through a liquid manure sample contained in the 
5-liter round-bottom blask carrying v/ith it the organic vapors given off by the manure. 
The gas stream first passes through a trap immersed in ice water, where most of the 
water vapor present in the stream of gas is condensed. It then passes through two 
traps immersed in a dry ice-ethanol bath (-80° C.) where the remainder of the water 
vapors and any carbon dioxide is removed. The third trap, immersed in liquid 
nitrogen (-196° C.), consists of two collecting tubes, one of v/hich is filled with 
glass beads to improve the efficiency of the condensing process. !t is in this trap 
that the remaining volatile components are collected. Condensate from this final 
trap is transferred into the chromatograph for analysis by means of a special 
collector-injector tube illustrated in Figure 9. 
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Figure 9. The collector-injector system 
The transfer tube used in this study was made out of 1/8" O.D. stainless-steel 
tubing shaped into c coil wivh a shut-off valve and a Swaglok fitting at both ends of 
the tube. A hypodermic needle and a syringe barrel were soldered to short lengths 
of 1/8" stainless-steel tubing so that they could be attached to either end of the 
transfer tube. Once the condensate was transferred to collector-injector coil, it 
could readily be injected into the chromatograph. 
The condensate was transferred from the liquid nitrogen trap to the chromato­
graph as follows; The collector-injector coil was connected in series with the other 
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three traps and also immersed in liquid nitrogen. With the system remaining in 
operation, the liquid nitrogen trap wcs removed from the liquid nitrogen and placed 
in c warm water bath. On warming, the condensate quickly vaporized and traveled 
to the collector-injector coil where it again condensed. With the collector-injector 
still immersed In liquid nitrogen, the shut-off valves were then closed thus isolating 
the condensed vapors from the remainder of the system. The hypodermic needle and 
syringe barrel were connected to the tube and the needle was inserted into the 
injector port of the chrornatograph. The valves were opened on either end of the 
tube, and the liquid nitrogen bath surrounding the collector tube wcs replaced by a 
warm water bath. Immediately, the condensate vaporized and flowed into the 
chromatograph. 
Although not used extensively in this study, this method is relatively simple. 
It has the advantage of providing a truly typical sample of the volatile vapors without 
possible contamination by reagents used in other concentration techniques. 
Concentration by Selective Absorption 
Selective absorption is still another method that can be used for the concentra­
tion of gases. This technique is useful as a means of identification and will be dis­
cussed more in the following secrion. 
Identification of Gaseous Components 
Selective absorption techniques use reagents in which specific chemical grc^ps 
are very soluble or which react to form compounds that con be collected in a concen­
trated form. Four chemical groups were collected and concentrated by this technique 
alcohols, amines, carbonyls, and sulfur derivatives. Each procedure is discussed 
separately. 
Alcohols 
This is a modificarior. of the procedure developed by Suffis and Dean (62) 
based on the qualitative separation of alcohols from other components by a non­
aqueous extraction. The procedure involves bubbling nitrogen through a liquid manure 
sample in a 5-liter round -bottom flask and thence through four tubes, each containing 
25 ml. of reagent. The first tube containing •1-.2N nCl acid, removes the amines, 
while the second and third tube containing HgCl (3% W/V) and HgCN (4% W/V), 
respectively, removes the sulfur containing compounds. The fourth tube contains 
propylene glycol v/hich has a high absorptivity for alcohols. Carbonyls, esters, and 
hydrocarbons are also absorbed by the propylene glycol but in lesser amounts. 
After the volatile gases bubble through the reagents tubes for a period of 24 
hours, the propylene glycol tube is removed and mixed vigorously with an equal 
volume of carbon tetrachloride and placed in a separatory funnel forming two layers. 
The lower layer is carbon tetrachloride; the upper layer is propylene glycol. The 
carbonyls, esters, cr.d hydrocarbons are considerably more soluble in CCl^ and as a 
result a high percentage of these compounds will be removed from the propylene glycol 
l-yer, leaving only the alcohols. The procedure is repeated twice, then the washed 
propylene glycol is placed in the distillation apparatus illustrated in Figure 10. 
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Figure 10. Apparatus used to distill alcohols from the propylene glycol 
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The propylene glycol is carefully heated to 150° C. At this temperature, the 
water and alcohols vaporize ledving the propylene glycol. The condensate, collected 
in an ice-bath, is then injected into the chrornatograph for analysis. 
Carbonyls 
A sim,pie and rapid method for -the collection and separation of a wide variety of 
carbonyl compounds by gas chromatography is described by Hunter end Walker (63), 
The method consists of .three steps: 
(1) Formation and separation of liquid or solid semicarbazone derivatives 
of carbonyl compounds 
(2) Regeneration of carbonyls from semicarbczones by addition of acid. 
(3) Separation of regenerated carbonyls by gas chromatography. 
The carbonyls are collected using the seme absorption train as that for alcohols 
except that the propylene glycol is replaced by dichloromethane. During collection 
the tube is cooled in en ethanol-dry icd bath. After the vapors have been collected, 
1 g m. of semicarbazide hydrochloride and 1 .5 grn. of sodium acetate are added to 
the mixture. The mixture is stirred 24 hours ct 5° F. in a closed container using a 
magnetic stirrer. The dichloromethane extract is then separated in a separatory funnel 
and the aqueous portion extracted 4 times with 10 ml. aliquots of dichloromethane. 
V\/ashings and the original dichloromethane extract are combined and filtered through 
c filter paper containing 0.50 grn. of anhydrous sodium sulfate. 1 he clear, colorless, 
filtrate is evaporated to near dryness under a stream of air, at room temperature. The 
residue is then placed in a vacuum dessieater at room temperature and evacuated over-" 
night by means of a mechanical vacuum pump. The oily residue finally obtained is 
redissolved in a minimum amount of dichloromethane. The mixture is transferred to 
a smaller container and again evaporated to dryness. A portion of the final. 
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essentia!!/ odorless residue is transferred to a 2 ml. Erienmeyer flask containing a 
small glass bead. As a final step, 0.5 ml. of acid reagentis added, the flask 
stoppered, shaken vigorously, and the solution injected into the chromctograph for 
analysis. 
Sulfur-containing Compounds 
The volatile sulfur compounds were concentrated by precipitating the sulfur 
derivatives as mercuric salts. This is accomplished by bubbling the volatile gases 
through a tube containing 25 ml. of mercuric chloride (3% W/V) followed by a tub 
containing 25 ml. of mercuric cyanide (4% W/V). The white precipitate from the 
mercuric chloride and the black precipitate from the mercuric cyanide are mixed 
together and treated with 8N HCl to release the sulfur-containing materials In the 
form, of their original volatile gases. Tna apparatus for regenerating the gases is 
Illustrated In Figure 1] . 
-r 
—j. hcj'.inc Coll 
ViH'.CI 
i f  I  
Igure 11. Apparatus used to regenerate the volatile sulfur compounds 
^'^^The acid reagent was prepared by diluting 3 ml. of 85% phosphoric acid 
25 ml. with water. 
TO 
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Acid is added to the precipitate by means of the funnel and the regenerated 
volatiles then passed through a distilled water trap to remove the HCl vapors from 
the sample. The gases are removed from the water trap with a syringe end injected 
into the chromatograph. 
Amines 
The amines v/ere collected by bubbling the volatile gases through a reagent tube 
containing 25 m I. of 1 .2N HCl end forming the hydrochloride salts of the amines. The 
original gases were regenerated by adding NaOri to the reagent tube until the solution 
was neutral. The solution was heated to drive off the dissolved amines which were 
collected by means of a syringe. The decomposition products of KCl derivatives was 
then subjected to gas chromatography for further analysis. 
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RESULTS 
Qualitative Chemical Tests 
Qualitative chemical tests were performed on the atmospheric samples collected 
above the manure pits according to the solubility method previously described in the 
section titled Identification of Gaseous Compounds. The results are summarized in 
Table 1 , A total of six classes of compounds and a few individual compounds were 
found to be present in the hog manure volatiles. These compounds included alcohols, 
amines, amides, mercaptans, sulfides, disulfides, hydrogen sulfide and ammonia. 
Table 1 . Results of solubility tests on samples of the atmosphere in a swine building. 
Division 
Tested ^ 
Reagent or 
Method Used 
Result of Test 
(C< 
Interpretation of Test 
impound Class Identified) 
S Ferricyanide Test Blue-Green (+) Amides 
(water soluble) N-N-dimethyl- Rose (+) Amides 
-napthylamine 
B N-N-dimethyl- Yellow Ring (+) A.mides 
(HCl soluble. -napthy lamine 
insoluble in H.,0) Hindsburg Yellow (+) Primary Amines 
Rose (+) Secondary Amines 
Purple (T) Tertiary Amines 
Alcoholic Sllver- White ppt (+) Mercaptan 
(NaOH soluble. NO3 
insoluble in water Na-Nltroprusslde Red (+) Sulfides 
or HCl) Isatin Green (-r) Mercaptans and 
Disulfides 
N Nitrochromic Acid Blue (+) Alcohols 
H2SO4 soluble. 
insoluble in NaOH t 
HCl, .HgO Ceric Nitrate Amber (+) A1 cohols 
Collected by Lead Acetate Black (-r) HgS 
Condensation Copper Sulfate Test Blue (+) NH3 
^ Division listing according to Cheronis (44). 
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In addition, mercapfans and sulfides were identified as their mercuric derivatives 
from formations of black and white precipitates in mercuric cyanide and mercuric 
chloride solutions, respectively. The identification of disulfides was confirmed when 
after bubbling the volatiles through a mercuric acetate solution a white precipitate . 
was developed with the addition of sodium chloride. The method described by Marbach 
and Doty (54) gave a positive test for hydrogen sulfide and methyl mercaptan; the 
presence of these compounds also was confirmed by the bismuth nitrate test of Koren 
andGierlinger (53). 
The groups of compounds thus found by these qualitative tests to exist in the hog 
manure volatiles set the stage for the subsequent chromatographic analyses. 
Chromatographic Analyses 
A gas chromatogram of the hog manure volatiles concentrated by the salting 
technique and collected as head space gas is shown in Figure 12. Eighteen separate 
peaks resulted from the analysis. Chromatograms obtained after treating the samples 
with specific functional group reagents were compared with the control chromatogram 
of Figure 12 and also with chromatograms of known compounds. These results are 
shown in Figures 13, 14, and 15. 
Figure 13 shows that seven peaks were eliminated or greatly reduced when the 
gas sample was treated with acidic hydroxy 1 ami ne. This reagent reacts with and 
eliminates all carbonyl compounds thus identifying the eliminated peaks as either 
aldehydes or ketones. 
In Figure 14, three of the original peaks are eliminated but reappear as three 
sharply eluted peaks in the beginning of the chromatogram after treating the sample 
with sodium nitrite solution. This treatment converts the alcohols to their respective 
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Figura 12. A chrcrnci-ograrn of the hog house odors concentrated by the salting 
technique 
nitrites end thus identifies the alcohols. 
Figure ]5 gives a s3rr.i-!og piot of retention time vs. carbon numbers for 
known compounds of n-alcohols end aldehydes. For comparison, the retention times 
for the alcohols and carbonyls identified in Figures 13 and 14 are plotted on this 
graph and designated as numbers corresponding to the peak numbers on the control 
MIXU 
Figure 13. A chrornarogrcrn of a sample of hog manure volatiles after treating the 
sample v/:th acidic hydroxy I ami ne 
chromatogram. Ail. seven carbonyls o.-.d all three alcohols appear on rhe line 
corresponding to a whole carbon number, confirming their iaentirication as aldenyces 
and alcohols. The alcohols were identified as methanol^ n-propanol, and n-butcnol. 
The aldehydes detected v/ere formaldehyde, acetcldehyde, n-butyraldehyde, 
n-vc;eraidehyde, hepfaldehyde/ octc'ldahyde^ and deca'dekyde. 
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Figure 14. A chromctcgrcrn of a sanvole of hog manure volofiles offer freefing the 
sarap'e with a sodîurri nitrite solution 
The alcohols v/ere also collected by selectively absorbing the alcohol fraction 
from the volatile gases through a sodium nitrite trap. A chromatographic analysis 
of the reagent showed that five alcohols were absorbed as illustrated in Figure 16. 
Sulturic acid (1 Nl) was then added to the reagent trap to convert the alcohols to 
their nitrite derivatives. The results of this reaction are shown on the chromatogrcm 
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|DEXT:F:CATI0\ CF INDIVIDUAL CCYFO'JNDS 
CORKESPOtiO::<3 TO PEAKS i>S FiCU/.E: 
(LOG RETENTION TIME (VS.) CARSON NUMBERS 
FCH ALCOHOLS & ALDEHYDES) 
1.01 
NU 
i-igure 15, A semi-iog plot shov/ing the refenfion rime vs. ccrbon numbers for 
n-a'cohois and cicehydes 
of Figure 17. The retention times of the pecks eluted in Figure 16 were compared 
with the retention times of known mixtures of both normal and iso-aicohois. These 
data are shown in Figure IS. The retention times of the knov/n alcohols were used 
to establish the straight :ine. The points, corresponding ro the peak numbers on 
the original chromatogrcm, have cs their x-coordinate a v/hole number that lies 
on the straight line, thus providing a positive identification of the eluted peaks. 
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CHROktATOGRAM CF ALCOHOL FRACTION 
UCON on 
Cnrcf-'iotori. W 
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Figure 16, A chrornatograrri showing the alcohol fraction of hog manure volatiles 
collected in a sodium nitrite reagent 
A chromatograrn showing carbonyls regenerated from their semicarbazones 
is presented In Figure 19. These carbon/Is were collected end concentrated from 
the manure odors as described in the section titled Concentration by. Selective 
Absorption. The individual components were identified by comparing the 
ALCOHOL ffîACTiûl'J TSiATIO WITH XcXO- SZAGZNT 
! 3 x 5'^ UGC% on 
\', VwiT^p. ^0" 
I*!.- Ci.!ur.n Tc.r..-:. 63" 
0-KcJjr Vc4.-;p. J60' 
'•A S 
' i\A $irr.5.:i C::o 2p. 
Figure 17. A chromatograrn of the alcohol fraction after conversion to nitrites by 
a sulfuric acid treatment 
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LOG OF RETENTION T)ME (VS.) CARBON NUMSHRS 
FOR ALCOHOLS 
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Figure 18. A semi-log plot showing the retention time vs. carbon numbers for 
normal and iso-alcohois. 
retention times to those of known carbonyls. Figure 20 shows the chromatogram of 
known carbonyls under the same operating conditions. 
Alcohols were selectively absorbed by still another method. The manure 
volatiles were bubbled through a reagent tube containing propylene glycol. The 
alcohol fraction was then collected by a distillation procedure and injected into 
the chromatograph-for analysis. The results of this technique are shown in Figure 
21 . Eleven peaks resulted from the analysis, seven of which were identified as 
alcohols from retention times of known alcohols. The chromatogram of the known 
alcohols under the same conditions is illustrated in Figure 22. 
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Figure 19. A chrcrnatogrcn'i of ccrbonyls collected cs derivatives of semiccrbazon'es 
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Figure 20. A chrornarcgra.-n o^c known mixture of carbonyls 
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Figure 21 , A chrornoi-orirarn of alcohols collected in a propylene glycol trap 
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Fleure 22, A chrorficrcgrarn of c known rnixrure of clco.hols 
Ths volatile sulfur ccrr.pcunds of the manure collected as their mercuric 
derivcrives were regenerated by an acid décomposition cf the mercuric precipitate. 
An analysis of the regenerated gas scr.-ple yielded seven peaks as shown on the 
chrc.matcgrcn- cf Figure 23. These sulfur compounds v/ere composed of rnerccptans, 
sulfides^ end disulfides. However, no attenips were made to further identify the 
peaks. 
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Figure 23. A chrorncrcgrcm cf rhe sulfur volatile gases regenerated from their 
mercuric derivatives 
in summery/ the soi'ubiiity vests together v/ith chromatogrcms have provided 
positive identification of a number cf chemical classes in the composition of a 
hog house atmosphere. Classes identified as being present were amines, amides, 
alcohols, carbonyls, disulfides, sulfides, and mercaptans. 
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DISCUSSION OF RESULTS 
The results of this study indicate that seven homologous groups, containing 
twenty-seven identified compounds,, hcve been found in the volatiles given ofr from 
hog manure. These gases can be found in the section titled Results and are included 
in Table 1 end Figures 12 through 22. The homologous groups were selectively 
collected and subiecved to chromatographic analysis for separation and identification 
of the individual components, foHov/ing their qualitative identification according.to 
solubility classifications. 
Concentration techniques were used to prepare the samples, partially because 
of the limited sensitivity of the analyzing equipment, end ciso because of the 
minute quantities of the gases present in the hog house atmosphere. 
Concentration Techniques 
The three methods employed for concentrating the manure volatiles v/ere; 
(1 ) salting, (2) selective absorption and (3) fractional condensation. The relative 
merits of these techniques, as used in this analysis, are discussed to enable a 
better evaluation of the results. 
.citing Technique 
Concentration of the volatile gases existing above a holding pit can also be 
accomplished by means of tna salting technique. Enrichment of the head space gas 
above an aqueous solution is accomplished by the addition of anhydrous sodiumi 
sulfate to a vial containing the liquid sample. Advantages of the method ore that 
If requires a minimum amount of equipment, is easily conducted, and can be 
accomplished in a matter of 8-10 minutes. 
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The eiuved pecks of the head space gas can be readily identified by treatment 
of the liquid sample with selective qualitative reagents that eliminate homologous 
pecks. The head space gas can also be treated in the syringe tc help qualitatively 
identify the volatile gases. 
One disadvantage of this technique is that the sample must be heated to 60° C, 
for release of the dissolved gases from the aqueous solution, Heatir.g alters the 
conditions under which the manure normal!y exists and may create a change in the 
I 
amounts and types of gases. Although quantitative analysis can be carried out on 
the sample, the volatility of the gases at the elevated temperature must be carefully 
considered if this data is to be related back to normal hog house conditions. 
Of the eighteen peaks eluted by this method, seven aldehydes and three alcohols 
were identified positively by their reaction with selective reagents (Figures 13 and 14) 
and their organization on a homologous series graph (Figure 15). 
Pecks identified as (iC end 11) and (14 end 15) :n Figure 12 were greatly 
reduced when treated v/:th acidic hydroxyicmine, indicating the presence of a 
carbonyl. These same peaks disscppear when treated with sodium nitrite solution 
end produce instead the expected aicohoiic nitrite peaks. This behavior Indicates 
cne of two things; either that In e,ach case one alcohol and one aldehyde exist but 
the reaction for elimlnaticn is not ccmpiete, or that both an alcohol and an aldehyde 
exist at that retention time but are masked by two other compounds with similar 
retention times. In both cases, a positive identification of the presence of an 
alcohol and an aldehyde is made, as later borne out In Figure 15. 
Samples collected by the salting technique also were treated with sodium 
bicarbonate and basic hydroxylamine to test for the presence of organic acids and 
esters, respectively. In both tests, the results were negative. Because of the 
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strongly basic nature of the materia! in the holding pits (pri of 8,0 or higher), 
volatile acids would not be expected to be present in a hog house atmosphere. 
The basic condition would also account for the negative tests for esters as their 
formation is based on the comoination of acids with alcohols. 
Selective Absorption 
Of the three concentrating methods, the selective absorption techniq.ue 
appears to be the most reilcbie. ;n this method, a stream of nitrogen is bubbled 
through the manure sample carrying the volatiles to the various reagent traps where 
they are selectively absorbed. This procedure allows the volatile components to be 
collected without altering the conditions under which the manure normally exists. 
The volatiles, once collected in •.•heir corresponding reagent traps, can then 
undergo additional treatment to further concentrate the gases. A gas sample, in 
its concentrated form, provides a higher detection limit end therefore yields c 
more complete analysis. 
Another advantage of this technique is the ease with which samples may be 
injected into the chromctogrcph. Once the volatiles are absorbed by the traps, 
there is little danger of contamination from the surrounding atmosphere, In 
addition, the volatiles become quite stable in their collected form,'with little 
possibility of escape and re-entry into tne atmosphere. 
This technique, by its selective nature, also facilitates identification because 
the eluted peaks represent functional groups. Thus, the collected volatiles can be 
readily identified by means of retention time. 
This method further lends itself to quantitative measurements of the volatile 
gases by accurate measurement of the system, flow rate. The volume of gas bubbled 
through the reagent tube, coupled v/ith quantitative measurements of the concentrated 
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gas peaks, permits computation of the concentrations of the gases that exist in the 
hog house. 
The ss.'ictive absorption of the voictiles belonging to a given homologous 
group v/as another effective method used to concentrate the gases. Reagent traps 
were used to collect amines, alcohols, carbonyls, and sulfur volatiles. 
Reagent traps containing sodium nitrite and propylene glycol were equally 
successful in collecting alcohols (Figures 16 and 21) and provided confirmation of 
similar findings by the salting technique. 
Methanol, n-propanol and n-butanol were detected in all three concentrations 
techniques. Although the presence of the additional pecks in Figures 16 and 21 
could be due to the differences in age and strength of the manure, it is believed 
this primarily indicates the relative effectiveness of the concentrating techniques. 
The selective absorption methods general.y are more effective than the salting 
technique simply because a larger volume of the atmosphere is employed for the 
collection of the sample. Of the two selective reagents, propylene glycol is the 
more effective for ."wo reasons; it has a high absorptiviiy for alcohols and it has a 
high boiling point v/hich permits the absorbed alcohols to be further concentrated 
by distillation. 
The presence of carbonyls was confirmed by selectively absorbing them as 
their semiccrbczone derivatives, shown in Figure 19. Previous qualitative tests 
for carbonyls on the manure volatiles, collected according to their solubility • 
classifications, had yielded negative results. This can be attributed to the low 
sensitivity of the test reagent (2, 4 - Dinitrophenylhydraane) used for detection. 
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FrQctional Condensarîor. 
This method; like that of selective obsorprion, is performed without altering 
the conditions under which the manure exists. The main disadvantage v/ith this 
method is the difficulty ir.vc-lvad with transfer of the condensed gcses to the 
chromatogrcph. identification of the eluted peaks can be aided by treating the 
sample with selective qualitative reagents. Again, the disadvantage here, is the 
difficulty of handling the sample. 
Unless a good procedure is employed to deal with the sample transfer, there 
is a considerable chance of sample contamination or of loss of much of it to the 
atmosphere. 
Atmospheric Components 
The results show that a hog house atmosphere contains many organic volatile 
compounds v/hich fail into several homoicgoLS groups. Briefly repeated, the 
functional groups found were amines, amides, alcohols, carbonyls, rnerccptans, 
sulfides, end disulfides. It is believed that the amines, mercaptans, sulfides and 
disulfides, resulting from the breakdown of the amino ccids, constitute most of the 
objectionable odors from decomposing manure. 
Body odors along with respired air perhaps account for a portion of the odors 
in an enclosed hog house. However, these odors are negligible by comparison with 
those from fresh and decomposing manure. 
A study of the biolcgical degradation of organic matter shows that several of 
these basic groups can be reasonably expected as intermediary compounds in the 
metabolic breakdov/n. The numbers and types of gases depends on many things, 
including the age and strength of manure, the age and size of the animal, the manur 
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management system in the building and the ration fed to the animals. 
The original source and concentrations of these gases are other important 
considerations. Fresh excreta deposited on the floors by the animals, undoubtedly 
accounts for a great portion of the odor. Many of the higher organic volatiles, 
resulting from bacterial and enzymatic action within the animal, come from this 
source. As degradation of the excreta progresses, lower volatile compounds are 
created as a result of the many metabolic'processes. Organic acids from the 
deaminization of amino acids, the glycolysis of carbohydrates, and the beta-
oxidation of fatty acids are formed. These lower organic acids, eventually turn 
into methane and carbon dioxide, with aldehydes and alcohols formed as inter­
mediate products. 
Decarboxylation, coupled with deaminization of the amino acids, result in 
the production of amines, mercaptans, sulfides and disulfides, believed to be the 
cause of the objectionable odors. 
Although no report has been made of the fixed gases (CO2, CO, NHg, SO2, 
etc.) it should not be inferred that these gases are absent. Day et, oL (4) have 
reported on the concentrations of these gases in relation to management, ventila­
tion, and building parameters of an enclosed hog house. It is intended that such 
studies also will be included in future efforts in order to complete the long range 
objectives of this program. 
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SUMMARY 
The objectives of this study were to identify those gases present in the atmosphere 
of a confined swine production system, other than those gaseous elements known to 
compose normal air. Known metabolic pathways of bacterial reduction of organic 
wastes indicated that several homologous groups of organic volatiles should be present 
in addition to the commonly fixed gases (CO2/ CO, H2S, NH^, SO2, etc.) previously 
reported in the literature. Solubility tests together with chromatograms of the hog 
manure volatiles were prepared in this study, resulting in the positive identification of 
twenty-seven gaseous compounds. 
The volatile gases were collected from liquid manure samples contained in 
holding pits beneath the slotted floors of the animal chambers in the AISI-ISU Swine 
Atmosphere Research Laboratory. To ensure that the existing volatile gases could be 
detected by means of gas chromatography in their normal combinations, various 
techniques were employed to enrich the gas samples before analysis. Selective qualita­
tive reagents were used to establish the functionality of the chromatographic components 
which, when coupled with homologous plots and retention data, provided a positive 
identification for each gas. 
As summarized on the following page, the groups of gases identified as being 
present were amines, amides, alcohols, carbonyls, disulfides, sulfides, and mercaptans 
and the fixed gases, methane, ammonia, and hydrogen sulfide. It is believed, from 
the previously known nature of the above compounds, that the amines and sulfur 
volatiles are responsible for creating most of the objectionable odors in an enclosed 
hog house. It is further believed that the major portion of the gases that constitute a 
hog house odor are identified. The functional groups detected were. 
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volatile sulfur compounds; 
mercaptans, sulfides, disulfides 
volatile nitrogen compounds; 
amines, amides 
and volatile carbon compounds; 
alcohols: methanol, ethanol, n-propanol, iso-propanol, n-butanol, 
iso-butanol, iso-pentanol 
carbonyls: formaldehyde, acetaldehyde, propianaldehyde, 
iso-butraldehyde, valeraldehyde, heptaldehyde, 
octaldehyde, decaldehyde. 
The value of this study then, although it is not complete in the sense of the 
detection and identification of all the gases present in a hog house, is that it does 
provide a successful starting point for the needed additional studies. It demonstrates 
some techniques through which the atmosphere in an animal production building can be 
explored, and it expands on previous literature which heretofore has reported .only on 
fixed gases. Future studies relating to the concentrations of the identified gases with 
variations in the age and size of the animal, the age and strength of the manure and 
management practices, should make it possible to evaluate the important economic and 
health implications. 
SUGGESTIONS FOR FURTHER RESEARCH 
The comprehensive objs ^vives of the research at [ov/a State into the composition 
cf the at;'nosphere in a livestock production building are to provide new information 
needed to complete a current engineering assignment. This ossignment is to establish 
the dasicn criteria for facijitJss to safely end econcrniccny rear animais in confine­
ment. To complete the original objectives, and in the light of the experience and 
insight gained through this study, the following studies seem needed. 
1 . Additional tests to investigate for additional gases that might exist in a 
livestock building, it is believed that the most logical approach would 
be via nev/ and more sensitive concentrating techniques thus utilizing 
the available equipment. 
2. Studies to assess the effects that various concentrations of these gases, 
both singly and in mixtures, v/'ll have on the physiological and 
physical behavior of animals and materials, respectively. The effects 
of aerosols in combination with these gases also will need to.be 
considered. 
3. Once the economic implication of the toxic gases are evaluated, 
studies to investigate means of controlling their production'. This will 
involve determining their sources along with their rate of production 
under varying environmental conditions. 
82 
LITERATURE CITED 
1. Gibson, W. The economics of air pollution. Natl. Air Poll. Symp. Proc. 
1949: 109-114. 1949. 
2. Wilkinson, B. Big feeders can be good neighbors. Big Farmer Fall, 1966: 
47-49. 1966. 
3. Feedlot odors. The Arizona Republic [Phoen?;^ April 19, 1964:4. 1964. 
4. Day, D. L., Lebeda, D. L., and Kayakawa, 1. Air pollution in swine buildings 
with fluid waste handling. Unpublished mimeograph. Am. Soc. Agr. Engr. 
Paper No. 64-940. 1964. 
5. Bergland, S., Anionssion, G, and Ekesba, L. Swedish Inst, of Agr. Engr. 
Bull. 320, 1965. Original not available; cited in McAllister, J. S. V. 
Gases from dung under slats. Farm buildings 1: 24. 1966. 
6. McAllister, J, S. V. and McQuitty, J. B, Rec. Agr. Res. Min. Agr. N. 1., 
14, 2, 73; 1965. Original not available; cited in McAllister, J. S. V. Gases 
from dung under slats. Farm buildings 1: 24. 1966. 
7. Stern, A, C. Air Pollution standards. In Stern, A, C. Air pollution. Vol. 
2. pp. 451-498. New York, N. Y., Academic Press, Inc. cl962. 
8. Altman, P. L, and Dittmer, D. S., eds. Environmental biology. Bethesda, 
Maryland, Fed. of Am. Soc. for Exp. Biology. 1966. 
9. Hammer, W. VIth Inter. Cong. Agr. Engr. 2: 563-565. 1964. .Original not 
available; cited in McAllister, J. S. V. Gases from dung under slats. Farm 
buildings 1: 23. 1966. 
10. Gordon, W. A. M. Environmental studies in pig housing. 1. Air velocity. 
Brit. Vet. J. 118: 171-205. 1962. 
11 . Taiganides, E. P. Characteristics and treatment of wastes from a concentrated 
hog production unit. Unpublished Ph. D, thesis. Ames, Iowa, Library, Iowa 
State Univ. of Sci. and Tech. 1963. 
12. Anderson, H. K. Methaemoglobinaemi hos grise, forarsaget of forgiftning med 
nitritholdigt kondensvand fro stoldudluftningsskorstene. Nord. Vet. Med. 14: . 
16-28. 1962. 
13. Lawson, G. H. and Todd, J. R. Vet, Res. 76: 290-292. 1964. Original not 
available; cited in McAllister, J. S, V. Gases from dung under slats. Farm 
buildings I: 24.' 1966. 
14. Landsbiadet, 9, 43: 6-3. 1964. Original .not available; cited in McAllister, 
J. S. V. Gases from dung under slots. Farm buildings 1: 23. 1966. 
15. Bsrglund, S., Anionsscn, G. and Ekesba, L. Swedish Inst, of Agr. Engr. Bull. 
320. 1965, Origine- not available; cited in McA.Ilister,. J. S. V. Gases from 
dung under slats. Farm buildings 1: 23. 1966. 
16. Anderson, D. P., Beard, G. W. cr.d Hanson, R. The adverse effects of ammonia 
on chickens inciudin:' resistance to infection with newcastle disease virus. 
Avian Ois. 8: 369-379. 1964. 
17. Goldsmith, J. R. Effects of air pollution on humans, in Stern, A, C, Air 
pollution. Vol. 1. op. 335-388. New York, N. Y., Academic Press, inc. 
cl962. 
18. Breslow, VV. Exposure to lew concentrations of air pollution: Health effects 
from repeated exposures. Natl. Conf. on Air Pol!. Proc. 1958: 197-201. 1958, 
19. Campbell, 1, R. The effects of atmospheric pollution on man. Cincinnati, 
Ohio, Kettering Laboratory, Univ. of Cincinnati. 1957. 
20. Dalhamn, T. Mucous flow end ciiicry activity in the trachea of healthy rats 
exposed to respiratory irritent gases. Acta Physiol, Sccnd, 123:1-161. 1956. 
21 . Amdur, /•/•.. O, Effect of irritent gcses and aerosols on the respiratory system of 
Guinea o'.gs. U.S. Army Army Chem-Center Chem,. Warfare Lab. Tech. Memo 
27-16. T957. 
22. Volkova, N. V. The effect of SO« on the organisms. Leningrad Saint-Gigien 
Med. Inst. Trans. 26:59-61. 195o. 
23. Stckinger, H. E. Effects of cir pollution on animals. In Stern, A. C. Air 
pollution. Vol. i. oo. 282-334. New York, N. Y., Academic Press, inc. 
c:962. 
24. VVectherly, J. H. Chronic toxicity of ammonia fumes by inhalation. Soc. 
Expti. Bioi, Med. Proc. 81:300-310, 1952. 
25. Pattle, R. E, end Coliur.ibine, H. Toxicity of some atmospheric pollutants, 
Brit. Msd. J. 1956: 9:3-916, 1956. 
26. Ivotin.. P, Unpublished results, in Stern, A. C. Air pollution. Vol, 1, 
pp. 232-334, New York, N. Y., Academic Press, Inc. cl962. 
27. Crolley, L. V, Effects of irritanv gases upon the rate of ciliary activity, 
J. Ind. Hyg. Toxicol. 24: 193-200. 1942. 
28. FairchiId, E, J, and Stokinger, H. E. Toxicologic studies on organic sulfur 
compounds. Am. Ind. Hyg. Assoc, J, 19: 171-175, 1958. 
84 
29. Surgi/ E, Die wirkung von narcotica-kombenationem. Deut. Med. Wochschr. 
36:29-37. 1910. 
30. Dautreband, L., Shaner, J. and Copps, R. Studies on aerosols. XI. Influence 
of particulate matter on eye irritation produced by volatile irritants. Arch. 
Inter. Pharmacadynamie. 85:17-21. 1951. 
31. LaBelle, C. W., Long, J. E. and Christofana, E, E. Synergistic effect of 
aerosols. Am. Med. Assoc. Arch. Ind. Health 11:297-307. 1955. 
32. Amdur, M. O. The physiologic response of guinea pigs to atmospheric 
pollutants. Inter. J. Air Poll. 1: 170-173. 1959. 
33. Goetz, A. An interpretation of the synergistic effect of aerosols based upon 
specific surface action of airborne particles. U. S. Public Health Service Report 
SAph-69557, Part B. 1958. 
34. Amdur, M. O. Effects of a combination of SO« and H^SO, on guinea pigs. 
U. S. Public Health Report 69: 126. 1954. 
35. Larrabee, C. P. Mechanisms by which ferrous metals corrode in the atmosphere. 
Corrosion 15 : 526-529, 1959. 
36. Sanyal, B. and Bhadwar, D. V. The corrosion of metals in synthetic atmospheres 
containing sulfur dioxide. J. Sci. Ind. Res. 18A: 69-74. 1958. 
37. Whitby, L. The atmospheric corrosion of magnesium. Faraday Soc. Trans. 29: 
844-861. 1933. 
38. Sereda, P. J. Atmosoheric factors affecting the corrosion of steel. Ind. Engr. 
Chem. 52: 157-160. 1960. 
39. Singer, W. W., Wagner, R. H. and Brown R. H. Resistance of aluminum alloys 
to chemically contaminated atmospheres. Corrosion 9: 440-447. 1953. 
40. Meetham, H. R. Atmospheric pollution: its origin and prevention. 2nd ed. 
New York, N. Y., Pergamon Press. 1956. 
41. Preston, R. St. J. and Sanyal, B. J. Atmospheric corrosion by nuclei. J. 
Appl. Chem. (London) 6: 26-44. 1956. 
42. Barton, K. Werkstoffe u. Korrosion (Weinheim) 9: 547-549. 1958. Original 
not available; cited in Stern, A. C. Air pollution. Vol. 1. pp. 215. New 
York, N. Y., Academic Press, Inc. cl962. 
43. Taiganides, E. P. Anaerobic digestion of poultry manure. World's Poultry Sci. 
J. 19: 252-161. 1963. 
44. Cheronis, N. D., Entrikin, J. B. and Hodnett, E. M. Semimicro qualitative 
organic analysis. 3rd ed. New York, N. Y., John Wiley and Sons, Inc. cl965. 
85 
45. Anderson, D. M. W. and Duncan, J. L. The idenfificoHon and quantitative 
estimation of gas-chromatography fractions by vapor-phase infrared spectroscopy. 
Chem. and Ind. (London) 50; 1662-1663. 1958. 
46. Bel I is, H. E. and Slowlnski, E. J., Jr. Application of vapor chromatography to 
infrared spectroscopy of liquids. J. Chem. Phys. 25 : 794-795. 1956, 
47. Drew, C. M., McNesby, J, R., Smith, S. R. and Gordon, A. S. Application 
of vapor phase chromatography to mass spectrometer analysis. Anal. Chem. 28: 
979-983. 1956. 
48. Gohlke, R. S. Time-of-flight mass spectrometry and gas-liquid partition 
chromatography. Anal. Chem. 31: 535-540. 1959. 
49. Pescok, R. L. Principles and practice of gas chromatography. New York, N. Y., 
John Wiley and Sons, Inc. 1959. 
50. Walsh, J. T. and Merritt, C., Jr. Qualitative functional group analysis of gas 
chromatographic effluents. Anal. Chem. 32: 1378-1381. 1960. 
51. Bassette, R. and Whitnah, C. H. Removal and identification of organic 
compounds by chemical reaction, in chromatographic analysis. Anal. Chem. 
32:1098-1100. 1960. 
52. Hoff, J. E, and Feit, E. D. New technique for functional group analysis in 
gas chromatography. Anal. Chem. 36: 1003-1008. 1964. 
53. Koren, H. and Gierlinger, W. Beitrag zur koiorimetrischen bestimmung von 
sulfid-ionen. Microchim. Acta 1: 220-225. 1953. 
54. Marbach, E. P. and Doty, D. M. Sulfides released from gamma-irradiated 
meat as estimated by condensation with N, N-Dimethy-p-phenylenediamine. 
J. Agr. and Food Chem. 4: 881-884. 1956. 
55. Folkard, A. R. and Joyce, A. E. The collection and identification of thiols 
and disulfides. J. Sci. Food Agr. 14: 510-515. 1963. 
56. Gill, J. M., Banmann, F. and Hartmann, H. Instrumental aspects of quantita­
tive gas chroniatography. Wilkens Instrument and Research, Inc. Walnut Creek, 
Calif. Areograph Research Notes. Fall 1966: 3. 1966. 
57. Bailey, S. D,, Bazinet, M, L., Driscoll, J, L, and McCarthy, A, 1, The 
volatile sulfur components of cabbage, J, Food Sci. 26: 163-170, 1961, 
1 
58. Mac Kay, D. A. M,, Lang, D. A. and Berdick, M, Objective measurement of 
odor,. Ionization detection of food volatiles. Anal. Chem, 33: 1369-1374, 1961 , 
59. Weurman, C. Gas-liquid chromatographic studies on the enzymatic formation of 
volatile compounds in raspberries. Food Tech. 15: 531-536, 1961, 
86 
60. Bcssatt; R./ Ozarnix, S. and VVhivr.ah^ C. H. Gas chromovcgrcphic analysis of 
heed space gcs of diiufe cqueoijs solutions. And. Chem. 34: 1540-1543. 1962. 
61 . Day, E. A.^ Forss., D. A. and Pafycn; S. Flavor and odor defects of garnma-
irrcd:Cited skirnrrJik. :L identification of volatile components by gas 
chromatography and mass spectrometry.. J. Dairy Sci. 41: 932-941 . 1958. 
6j, Suffis. R. end Dean, D. E. identification of alcohol pecks in gas chromatography 
by a nonaqueous extracrion technique. Anal. Chem. 34: 480-483. 1962. 
63. Hunter, !. %. and VValden, M. K. Ccrbony's from sernicarbazones. Separation 
by gas chromatography, J,  of Gas Chrom. 4: 246 -251 .  1966 .  
87 
ACKNOWLEDGMENTS 
The auvhor wishes to express his sincere appreciation to Dr. Thcmon E. h'azen 
for his guidance and suggestions throughout the course of this study end the prepare 
tlon of this thesis. 
The author extends his thanks to Mr. Donald Baker and his stoft for their 
assistance in the operation of the test facilities, to Dr. Duane VV. Mangold and 
Mr. Arthur R. Mann for their advice and to the American iron and Steel Institute 
for their support in this study. 

89 
Appendix A. A.bsvracr of t he  bine! Repcrr Submltrad ro fhe Members of ("he 
Con"ir."iii";ee of Gc.!vc.n;zad Sheer Producers Describing the 
Luiiding Design end Exposure Tests 
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THE BUILDING 
This reporv describes the iaborctory v/hich was placed in operation in November 
1965, and the tests to be conducted within. The building erected on the Sv/ine 
Nutrition Experimental Station of iowa State University, is of the rigid-frame type, 
42' long by 30' v.'ide, with the exterior siding and roofing end the interior v/all and 
ceiling surfaces of ribbed vinyl coated steel panels. The wciis and celling are 
insulated v/ith a glass fiber blanket with a total resistance (R value) of 8.0. A one-
inch polystyrene board provides a perimeter Insulation for the building floor. Figure 
la shows details of the construction and lb a floor plan. 
Each anin'ol test chamber is 19' - 6" long, 14' - 4 1/2'"' wide, and 8' - 0" high, 
contains three pens which are 15' long end 4' v/Ide; end each pen accomodates 8 
pigs. The laboratory is a 16' - 0" X 8' - 0" room. The remainder of the building 
(about 8' X 22') houses the mechanical and contro; equipment and gives access to 
the chamber. 
THE TEST CHAy.B2RS 
The three pens in each vest chamber ere Identical with respect to their construc 
tlon and arrangements. 
The Flooring System - The floor system In these units wcs designed to be flexible wit!' 
regard to obtaining type of flooring; I.e., solid, slotted, or a combination of both. 
Figure 2c. A subfloor or pit, 4' - C" wide. Is located lengthwise underneath each 
pen. Figure 2b; each pit begins with a 1 ' - 0"' stepdown at the north end, extends 
southward for 11' - 3 1/4" at a slope of 1/2" per foot, has another 0' - 4" stepdown 
and continues its slope for another 3' - 4". A deep narrow gutter, common to all 
three pits runs widthv/lse at the south end. Is 6" wide at Its lowest point, 8" at the 
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top and has a minimum depth of 3' - 6" and a maximum depth of 4' - 4" (See Figures 
3a and 3b). 
A steel framework (Figure 2c} provides a support system to elevate the flooring 
matériels to the desired level. This framework permits various floor slopes by inter­
changing supports at the front of the pit. 
The initial floor in each pen is a  ' i  2 '  -  0'* length of solid flooring v/ith a 3' -
0" section of slotted flooring over the deep narrow gutter. The solid flooring section 
is rncde of concrete slabs 2' - 0" wide, 4' - 0" long end 2" thick; bound by a sheet 
metal form. Each slab is reinforced v/ith ""10/10; 6" X 6" wire. The sides and bottom 
of each slab are coarsd with pitch to prevent corrosion of the metal form. 
The slotted floor sections were fabricated in the Republic Steel Corporation's 
Research Center from materials supplied by the various cooperating steel producers. 
The panels measure 4' - 0" by 4' - 6'' and contain elements of eleven different analyses 
of steel OS shown In Figure 4. 
The panel distribution for eaon of the three years that the panels v/ill be exposed 
was prepared by Mr. K. F. Below of the Republic Steel Corporation (Table 1). Panels 
1, 2, 3/ 4; 5; and 6 wil- be exposed the first year in the pens indicated. Panel 
exposure for the second and third year v/ill include panels 1, 2,, 3, 7. S, end 9. Thus, 
panels A, 5, and 6 v/il! be exposed for one year; panels 7, 8, and 9 for two years and 
panels 1, 2, and 3 for three years. AII panels will be returned to Republic Steel to 
be analyzed by Dr. Kowcscxi. 
Pen Partitions - The pen partitions, composed of six types of steel materials were 
de\ eloped end installed under the supervision of Mr. H. H. Lawson of the Armco 
Steel Corporation. Fabricated by the Ciay Equipment Corporation, the pen v/ork was 
constructed of 3/4" galvanized pipe (Figure 5) so that the steel panels could be easily 
mounted to the frame. Clamp bands mounted on the frame and fastened "by 1/4" x 1/2" 
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Table 1 
STEEL SLOTTED FLOOR TEST PANELS 
identificavion 
Number Mafeiia' Condition Supplier 
1 . Cor-Ter. T Assem. c:s shown USS 
2, Republic 50 Blasv Ciecned RSC 
3. Porcelain on sfes! ASC 
.4. H. D. Galvanized Epoxy Coating USS 
5. H. D. Galvanized USS 
6. Repubiic 50 As H. R. RSC 
7. Modified 4'l0 grade RSC 
8. Aiphctized ISC 
9. Carbon Rirnrned ASC 
10. Cor-Ten Blast Ciecned USS 
11. Cor-Ten AsiM.R. USS 
Pane! Number 
DISTRIBUl ION OF MA TERIALS FOR EACH PANEL 
8 9 i 3 4 5 6 7 
3 7 11 10 5 2 9 8 
1 3 9 1 4 9 1 11 5 
10 10 o 11 5 3 5 Itj 
Materia: 5 3 0 6 6 10 6 6 2 
Distribution 7 1 Z 3 3 7 10 • 9 
(See Identifica­ 2 "i 8 1 6 8 7 6 
tion number 6 1 ; 3 2 4 7 3 • 3 
above) 3 9 2 11 9 S 5 • 2 11 
C o / 3 11 10 4 
9 6 10 5 7 2 9 1 7 
2 4 7 9 10 3 11 3 1 
. 6» tlOMC.pAUEtS ® 22'/z'= ir-3" 6LOTT&P flR-. 
15'. 3" 
F L A M  
a g 
-4-
"4 
W W W  & È a B 
aTL&L M#>»iu» 
"tV~ d 
eroxv <=oA.-rE.p cups 
2"^ '/£"X^" É. 
WELP TO "T" aa-cfoMs 
Tx '/2" É 
PLANl cr ^LOTTc-r) fLOOK 
'"1 
4-&" & 5E.<:r'<5'>J5 <? 1'/4'-{-4 5pACfc5 <2 "^6":. 
i<7<sy^MN;E^tf (3 3"f g Sffi-Cl-S (g) 3/4' = 36 S/g." 
^ ^-V-: 
*o*. O: i /Ifi ~ m - i \ — i r  
s  i  
1 n Î Br^Tfr T TUT 
i! U 
S C C T I O K J  A  
piAurzE. 4 
/p2 Vf" 
m 
99 6'-o' 
6  6  6  6 6 6 6  o o o  
e 
Q 
sa 
1;)^ 
S 
P À M I T I O K )  
m ;  IT 
W  
m 
0 
4 •-!%,• 
6 6 6 
0% 
0 
t t  
iSs L 
g 
##& <s 
N 
a 
M 
«0 
FR.OMT gAT£-
C L E i V A T I g N S »  o r  r A k l C L  T O R  G à l t  < $  f A i l T I T l O i V i  
TOO 
machine screws are ussd vo secure me s fee: panels fo the frame. The steel panels are 
6 ]/2" X 24" end are mounted to the c!crnp bends by means of four 3/16" x 3/4" nylon 
bolts; spacer bars fastened to the clamp bends provide an even spacing of the steei 
panels on the vrarne. Each chamber contains six gates end eight panel sections. A 
set of six different steei plates (Table 2) form a sequence which is repeated in each pen 
with one set of six on each gate and two sets of six on each panel section. 
Each set of steel plates contains a number v/hich is stamped on the upper right 
hand corner of each plate. There are 44 sets of plates, arranged statistically through­
out the test chamber (Figure 6). At the end of the first year of exposure, 22 sets of 
plates v/i ! I be dismounted and returned to Mr. n. H. Lcwson of Armco Research 
Laboratory for testing and analysis. These plates will be replaced by 22 other sets of 
plates and at the end of three years all the piates will be removed providing a two and 
three year exposure table. • . 
Test Samples -- Three test racks wivh duplicate coupons of 14 different metals are 
mounted in each test chamber. The responsibility for obtaining tests and analysis 
coupons rests with Mr, S, S, De Forest of the United States Steel Corporation. The 
coupons, 4" wide by 6'' long, are held in place by insulators mounted on c stainless 
steel rack. The racks are fastened to the walls at a height of five feet from the floor 
to the bottom of the rack and arranged parallel with the direction of the pen partitions. 
The various metals are listed in Table 3. 
At the end of the first year of exposure, one rack from each chamber will be 
returned to R. Sm.ith of United States Steei Applied Research Laboratory for analysis. 
Two more racks, one from each chamber, will be returned at the end of two years and 
the remaining two racks will serve as three year exposure tests for the metal coupons. 
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Toble 1 continued 
PANEL EXPOSURE DISTRIBUTION 
Pen -
1st Year 
2p.d Year 
3rd Year 
o 
9 
1 yr. Panels 4-5-6 
2 yr. Panels 7-8-9 
3 yr. Panels 1-2-3 
2 
C' 
3 
7 9 
2 
0 
2 
8 
Table 2 
Sequence of materials used for gate end panel partitions: 
1 . Porcelain on stesi 
2. Aluminum coated 
3. Galvanized 
4. Cor-Ten 
5. Goivanized v/ire mesh 
6. Modified 410 grace 
Table 3 
List of materials used for coupons on teit panel: 
Î. Carbon steel (U.S. Stejj Coroorctior;) 
2. Cor-Tsn steel ^U.S. Steel Corporavicn) 
3. Republic 50 (Rspubiïc Steel Corporation) 
4. Galvanized 2 oz_, coating (Armco Steel Corporation) 
5. Aluminum coated Type 11 (Armco Steel Corporation) 
6. A'iodified 410 g rede (U.S. Steel Corporation) 
7. Type 301 stainless steel (Republic Steel Corporation) 
8. Aluminum coated Type 11 (U.S. Steal Corporation) 
9. Acrylic painted (Armes-Steel Corporation) 
10. AI u rain urn (A.rmco Steel Corporation) 
11. Porcelain on steel (Republic Steel Corporation) 
12. Alpharized (Inland Steel Conipcny) 
13. Cor-Ten — blast cleaned (U.S. Steel Corporation) 
14. Republic 50 — blest cleaned-(Republic Steel Corporation) 
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- THE VENTiLAJlNG SYSTEM 
The ventilating systsm for provid'ng:variable but controlled qucnrities of 
constant-tennperature cir to the chcmfcsrs consists of two heat exchangers; an air 
reservoir; a damper compl'ex for each chamber which modulates so as to provide a 
constant temperature of the incoming c;r regardless of the outside conditions; and 
three, 3-speed fans in each chamber to draw air into the cnimc! units. 
The reservoir/v/ith on average heig/.v of 6 '  - G"; occupies the space above 
the test chambers and alley way, All surfaces of the reservoir ere insulated with a 
glass fiber blanket having a total resistance (R value) of 8,0. 
Located in the air reservoir are tv/o heat exchangers, each capable of delivering 
160,000 btu/hr at their design load. These heat exchangers ere connected to the 
split end of a Y-duct wnich delivers cniy outside air te the air reservoir, Figure 7. 
The damper: complexes (Figure 8) are also located in the air reservoir and con-; 
trol the ratio of the heated c;r within and the outside air which is u:timately de 1 ivered 
to the qnimo! chambers. No air is recirculated from the test chambers to the reservoir. 
The air enters the Y-duct, divides itself, passes through the heat exchanger and 
enters into each animal chamber, it meets a modulating damper which controls, by 
means of a sensing device in the test chamber, the final ratio of air from the reservoir 
and from the outside. Upon entering the animal chamber, the mixed air enters a duct 
containing three, 3-speed fens which distribute the air throughout the chamber (Figure 
3), The air leaves the chamber by means of two 1' - 0'' by 2' - 0'' exhaust openings 
located opposite the intake fens. 
A solenoid valve and spray nozzle, controlled by a humidistat in the animal 
chamber, is located in each modulating dcmper duct system, to add moisture to the 
incoming air so that a minimum humidity level could be maintained in the test 
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charnbsrs at all times. 
This system provides a modest but fairly responsive control of the temperature, 
ventilation rates, and relative humidity in each chamber, the range of v/hich v/iii be 
dependent upon the outside wscther conditions, 
THE HEAT;NG SYSTEM 
The heating equipment consists of tv/o 160,000 btu/hr,, LP-gcs fired, hot water 
boilers; a 1000 galion LP tank; two heating coils; and a 15,000 btu/hr. LP-cas fired 
waM heater located in the laboratory (Figures 7 and 8). 
Each boiler operates in coniuncticn v/ith a heating coil as a separate system; 
hov/ever, the boilers are interconnected so that either one could operate both heat 
exchangers in case of break-down or maintenance problems. Pressure gages and 
thermometers are positioned on ecch system to provide tne operator with adequate 
information about pressure end temperature of the water entering and leaving each 
boiier as v/ei! as each heating coil. Ur.ions and valves throughout the heating system 
aiiow one to isolate any parr of the system for repair without shut-down of the remaining 
system. 
The electrical system consists of 14 circuits (Figure 9), Water proof receptables 
are spaced throughout tne building to provide.an adequate source ot power for v/orking 
convenience. 
The five receptacles in the lab are separately circuited. These receptacles were 
installed for use with analyzing end recording instruments which may drift from their 
true readings if not electrically isolated from, other power demands. 
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VH5 DRAINAGE SYSTEM 
A 4 "  easy iron pipe network (Figure 10) provides vhe necessary drci-ncge require­
ments and means for collecting end sampling wastes. Floor drains ere located in the 
lab, mechanical room, end in the center ai ley. 
A 90° elbow, located ct the south-west corner of each anime! chamber,, connects 
the deep narrow gutter outlet to the cast iron pipe. The building drain then run; 
through the west side of the building^ at a slope of 1/2'' per foot, to a manhole, 
located 150 feet west of the building and then enters the lagoon. 
THE LABOR^^TORY 
The laboratory contains a 15,000 btq/hr. LP-gas-fired wall heater; a 16,000 
btu/nr. cir-condltioner, and an exhaust fan to provide a constant-temperature 
environment at c;! times for tne recording end analyzing equipment. 
Two exhaust hoods are mounted on tne north wail of the lab above the work 
tabie to collect the exhaust and excess accumulation of gases in the laboratory. 
Beneath the duct work (Figure 11} are paneis for regulating the temperature and 
The laboratory is also equipped with hot and cold water and is well lightea. 
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Appendix B. Description of rr.s Operation of the lest Chambers 
Operation of the Test Chambers 
r-jiimcls were introduced into the chambers as weened pics of approximately 
40 lbs. body weight, were self-fed, end removed from the building "as soon as they 
reached market weight. Each chamber contained 24 animals, separated into three 
groups of S. 
The "ens were hosed down as needed which at most was once per v/eek during 
warm weather. The deep narrow gutters were err.ptied end flushed about once each 
three weeks. 
The ventilation rate was the seme in both chambers, varying up to about 1300 
cubic feet per minute. The temperature during the winter months was maintained at 
approximately 65^ F, During the summer months, the temperature varied diurnally 
at whatever ecu: iibrium temperature the ventilation rate would permit. Relative 
humidity in both chambers ranged between 55 end 75 percent during the tests. 
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Appendix G. Special Chemical Reagents 
Bismuth Nitrate Reagent (53) 
Add 0.22 gms. of BiN0^.51420 to 25 ml. of a 3.2% (W/V) m.annitol 
solution. 
After it dissolves, add 8 ml. of pure glycerine and 36 ml. of 2,5% gum 
arable solution that had been previously filtered. 
Add acetic acid - sodium acetate buffer bringing the mixture to 100 ml. 
Age for 2 days and then filter the solution. The pH should read about 4,6, 
(The Acetic acid - sodium acetate buffer is prepared by mixing 11 volumes 
of 0,2 molar sodium acetate with 3 volumes of 0,2 molar acetic acid.) 
Note: Add an anti-foaming agent if the mixture is to be used in a 
' ' ' bubbling setup, : • 
Acid Amine Solution (54) 
Dissolve 5,0 gms, of N ,  N-dimethyl-p-phemylenediamine hydrochloride in 1 
liter of concentrated hydrochloric acid. The solution should have an absorbqnce value 
of 0.03 or less at 500 m with a 16-mm, path length. When protected from light the 
solution is stable indefinitely, 
Reissner Solution (54) 
Dissolve 67,6 gms, of ferrous chloride hexahydrote in distilled water, dilute to 
500 ml,, and mix with 500 ml. of a nitric acid solution containing 72 ml. of boiled 
concentrated nitric acid (specific gravity 1 .42). This solution is stable indefinitely. 
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Appendix D. Ànclyîïs of the Manure end Feed i-ormuictlcn 
labia 2, Chemicci cno'ysis of a vypîcc! sample from the manure pit 
S.O.D, 
C.O.D 
00,000 mc/l 
201,000 mg/! 
Nitrogen Anciyszs 
Organic Nitrogen 
Ammonia Nitrogen 
Nitrite Nitrogen 
Nitrate Ni'trogen 
1,340 mc|/! 
5,360 ms/! 
265 rr.g/l 
330 rng/l 
Tore! Sulfur 
Voictiie Acids 
4 ,400  mg/1 
33 mg/! 
iota! Solids 
Volatile So;ids 
785 mg/! 
26 nig/ ! 
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Table 3, Composition of Ration 
ingredients Pounds 
Yellow corn (ground) 82.75 
Solvent soybean oil meal (50% protein) 13.50 
Vitamin premix 0.50 
Calcium carbonate 0.90 
Dicalcium phosphate 1.25 
Salt (iodized) 0.50 
Trace mineral premix* 0.10 
Aurofac 40 0.50 
100.00 
Calculated Analysis 
Protein, percent 14.10 
Calcium, percent 0.71 
Phosphorous, percent 0.52 
Vit. A, I. U. per lb. 1582 
Vit. D2/ i. U. per lb. 300 
Riboflavin, mg. per lb. 2.6 
Ca pantothenate, mg. per lb. 6.6 
Niacin, mg. per lb. " 18.2 
Choline chloride, mg. per lb. . 352 
Vit. 8^2/ meg. per lb. 10 
Chlortetracycline, mg. per lb. 20 
* 
Contribution per lb. ration: Fe, 70.4 ppm; cu, 4.8 ppm; Co, 1 .6 ppm; 
Zn, 82,6 ppm; Mn, 56.8 ppm. 
